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(54) AMINO ALCOHOL DERIVATIVE OR PHOSPHONIC ACID DERIVATIVE AND MEDICINAL 
COMPOSITION CONTAINING THESE 



(57) The present invention relates to amino alcohol derivatives or phosphonic acid derivatives having excellent 
immunosuppressive activity, pharmacologically acceptable salts thereof or pharmacologically acceptable esters there- 
of, and to pharmaceutical compositions comprising said compounds as an active ingredient: . 



R 3 0 




R 6 R r 

R4 (CH^^Y-Z-^ 
X 

NR 1 R 2 



(I) 



[wherein, 

R 1 and R 2 each represent a hydrogen atom, or a protecting group of the amino group; 

R 3 represents a hydrogen atom, or a protecting group of the hydroxyl group; 

R 4 represents a lower alkyl group; 

n represents an integer of from 1 to 6; 
^ X represents an oxygen atom or a nitrogen atom unsubstituted or substituted with a lower alkyl group or the like; 

<3» Y represents an ethylene group; 

lO Z represents a C r C 10 alkylene group; 

O R 5 represents an aryl group, or an aryl group substituted with substituents; 

jr- R6 and R 7 each represents a hydrogen atom; provided that when R 5 represents a hydrogen atom, then Z repre- 

^ sents a group other than a single bond or a straight chain C^C^ alkylene group] . 
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Description 

[Technical field] 

[0001] The present invention relates to amino alcohol derivatives or phosphonic acid derivatives having excellent 
immunosuppressive activity, pharmacologically acceptable salts of amino alcohol derivatives or phosphonic acid de- 
rivatives, pharmacologically acceptable esters of amino alcohol derivatives or phosphonic acid derivatives, and to 
pharmaceutical compositions comprising said compounds as an active ingredient. 

[0002] The present invention also relates to pharmaceutical compositions comprising, as active ingredients, one or 
more immunosuppressants and one or more compounds selected from the group consisting of amino alcohol deriva- 
tives or phosphonic acid derivatives having excellent immunosuppressive activity, pharmacologically acceptable salts 
thereof, and pharmacologically acceptable esters thereof. Said compositions are useful as preventive or therapeutic 
agents for autoimmune diseases such as rejection of transplanted tissues or cells, rheumatoid arthritis, or other immune 
activity-related autoimmune diseases. 

[Background of the Invention] 

[0003] In the past, anti-inflammatory agents such as steroids have been used for inflammatory reactions arising from 
abnormal Immune response in treatment of Immune-related diseases such as rheumatoid arthritis and other autoim- 
mune diseases. These are, however, a symptomatic therapy, but not a fundamental remedy. 
[0004] Furthermore, it has been reported that immune system abnormalities are also involved in the development 
of diabetes and nephritis, but agents that improve these abnormalities have not yet been developed. 
[0005] On the other hand, it is critical to develop an approach to suppress the immune response for avoiding rejection 
in transplanted tissues or cells, as well as for treating and preventing various autoimmune diseases. 
[0006] However, immunosuppressants, such as cyclosporin A (CsA) and tacrolimus (TRL) that have been known in 
the past, are known to show toxicity against the kidney and liver. Although treatments that also use steroids are com- 
monly used for the relief of such adverse reactions, it is presently the case that such agents have not necessarily led 
to producing a satisfactory immunosuppressive effect without showing any adverse reaction. 
[0007] In light of this background, it has been attempted to find excellent compounds with immunosuppressive effects 
that are less toxic. 

[0008] As to immunosuppressants, the following compounds are known. 
(1 ) Compounds having the general formula (a) 



CH 2 OR x 4 



3 R x 2 RxN- 



-CH 2 OR x 



(a) 



{in the above compounds (a), 

R x represents a straight or branched carbon chain which may optionally be substituted with one or more substit- 
uents [said chain may contain a double bond, a triple bond, an oxygen atom, a sulfur atom, a group of formula -N (R x 6 )- 
(wherein R x 6 represents a hydrogen atom), an arylene group which may optionally be substituted with one or more 
substituents, or a heteroarylene group which may optionally be substituted with one or more substituents, and may 
contain, at the end of said chain, an aryl group which may optionally be substituted with one or more substituents, a 
cycloalkyl group which may optionally be substituted with one or more substituents, or an aromatic heterocyclic group 
which may optionally be substituted with one or more substituents], and 

R x 2 , R x 3 , R x 4 , and R x 5 are the same or different and each represents a hydrogen atom or an alkyl group] are 
known as immunosuppressants. 

[0009] The above compounds (a) of the prior art contain two oxymethyl groups (-CH 2 OR x 4 and -CH 2 OR x 5 ) as es- 
sential groups substituted on the same carbon atom. The compounds of the present invention, however, contain one 
-CH 2 OR 3 group and one lower alkyl group as essential groups substituted on the same carbon atom and are different 
from the compounds (a) in these substituents. 
(2) Compounds having the general formula (b) 
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w- 



^-kJ< (b) 



(CH 2 ) m OR y 3 
[in ths above compounds (b), 

10 R y i, R y 2, and R y 3 each represent a hydrogen atom or the like, W represents a hydrogen atom, an alkyl group or 

the like, Zy represents a single bond or an alkylene group, X y represents a hydrogen atom or an alkoxy group, and Y y 
represents a hydrogen atom, an alkyl, alkoxy, acyl, acyloxy, amino, acylamlno group or the like] are known as immu- 
nosuppressants, 

[001 0] The above compounds (b) contain a phenyl group as an essential group in the basic skeleton. The compounds 
f * of the present invention contain a heterocyclic group such as a fury! group, 3 pyrrolyl group, or a pyrrolyl group having 
a substituent on the nitrogen atom instead of the phenyl group of compounds (b) and are different from the compounds 
(b). 

[0011] However, compounds having a similar chemical structure to compounds (I) of the present invention have 
heretofore net been disclosed eoneretely in that publication, 
20 (3) Compounds having the general formula (c) 



CH 2 OR 2 3 /_ O 
CH 2 OR 2 4 

30 [jn the above compounds (c), 

R z 1 , R z 2 , R z 3 , and R z 4 are the same or different and each represents a hydrogen atom or an acyl group] are 
known as immunosuppressants. 

[0012J The above compounds (c) contain two oxymethyl groups (-CH 2 OR z 3 and -CH 2 OR 2 4 ) as essential groups 
substituted on the same carbon atom. The compounds of the present invention, however, contain one -CH 2 OR 3 group 
35 and one lower alkyl group as essential groups substituted on the same carbon atom and are different from the com- 
pounds (c) In these substituents. 

[0013] In addition, above compounds (c) contain a phenyl group between the -(CH 2 ) 2 - group and the -CO-(CH 2 ) 4 
group as an essential group in the basic skeleton. The compounds of the present invention contain a heterocyclic group 
such as a furyl group, a pyrrolyl group, or a pyrrolyl group having a substituent on the nitrogen atom Instead of the 
40 phenyl group of compound (c) and are different from the compounds (c). 

[0014] On the other hand, a compound having the above general formula (II) of the present invention wherein X 
represents a sulfur atom is disclosed in WO 02/06268 as a compound wherein the protecting group of the hydroxyl 
group is a residual group of an ester of phosphoric acid. 

[0015] Furthermore, as to combinations of immunosuppressants, combinations of immunosuppressants such as 
45 FTY-720 and cyclosporin A or FTY-720 and tacrolimus are disclosed in Japanese Patent Publication (Kokai) Number 
Hei 11-80026. 

[0016] In light of this background, it has been desired to find excellent pharmaceutical compositions with immuno- 
suppressive effects that are less toxic. 

so [Disclosure of the Invention] 

[0017] The present inventors have eagerly studied new compounds having excellent immunosuppressive activity 
with iow toxicity and found new compounds which are useful as preventive or therapeutic agents for autoimmune 
diseases or other immunology-related diseases such as rejection caused by transplantation of various organs or skin, 
55 systemic lupus erythematosus, rheumatoid arthritis, polymyositis, fibrositis, skeletal muscle inflammation, arthrosteitis, 
osteoarthritis, dermatomyositis, scleoderma, Behcet's syndrome, Crohn's disease, ulcerative colitis, autoimmune hep- 
atitis, aplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, multiple sclerosis, au- 
toimmune bullosis, psoriasis vulgaris, vasculitis syndrome, Wegener's granuloma, uveitis, Sjogren's syndrome, idio- 
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pathic Interatrial pneumonia, Goodpasture's syndrome, sarcoidosis, allergic granulomatous angitis, bronchial asthma, 
myeearditls, cardiomyopathy, aortitis syndrome, post myocardial Infarction syndrome, primary pulmonary hypertension, 
minimal change nephrotic syndrome, membranous nephropathy, membranoproliferatlve glomerulonephritis, focal 
glomerular sclerosis, crescentic glomerulonephritis, myasthenia gravis, inflammatory neuropathy, atopic dermatitis, 
chronic actinic dermatitis, photosensitivity, pressure sores, Sydenham's chorea, sclerosis, adult-onset type diabetes 
mellitus, insulin dependent diabetes mellitus, juveniie diabetes mellitus, atherosclerosis, glomerular nephritis, IgA ne- 
phropathy, tubulointerstitial nephritis, primary biliary cirrhosis, primary sclerosing cholangitis, fulminant hepatitis, viral 
hepatitis, GVHD, contact dermatitis, and sepsis; diseases of infection by fungus, mycoplasma, virus, and protozoon 
and the like; cardiovascular diseases such as cardiac failure, cardiac hypertrophy, arrhythmia, angina pectoris, cardiac 
ischemia, arterial embolism, aneurysm, varix, and circulation disorders; brain diseases such as Alzheimer's disease, 
dementia, Parkinson's disease, stroke, brain infarction, brain ischemia, depression, manic-depressive illness, schizo- 
phrenia, Huntington's chorea, epilepsy, convulsion, attention deficit disorder, encephalitis, cerebral meningitis, loss of 
appetite, and hyperphagla; and various diseases such as lymphoma, leukemia, diuresis, pollakisuria, and diabetic 
retinopathy (particularly, autoimmune diseases such as rejection caused by transplantation of various organs or skin, 
systemic lupus erythematosus, rhematoid arthritis, multiple sclerosis, and atopic dermatitis), and completed the present 
Invention. 

[0018] Furthermore, the present inventors have studied eagerly pharmaceutical compositions having immunosup- 
pressive aetivity and found that the pharmaceutical compositions of the present invention comprising, as active Ingre- 
dients, one or more immunosuppressants and one or more compounds of the present invention exhibit excellent im- 
munosuppressive activity with low toxicity. The pharmaceutical compositions increase activity more than that of the 
individual immunosuppressants and decrease adverse reactions so that they are less than that of the individual im- 
munosuppressants. As a result, the pharmaceutical compositions of the present invention are useful as preventive or 
therapeutic agents for autoimmune diseases or other immunology-related diseases such as rejection caused by trans- 
plantation of various organs or skin, systemic lupus erythematosus, rheumatoid arthritis, polymyositis, f ibrositis, skeletal 
muscle inflammation, arthrosteitis, osteoarthritis, dermatomyositis, scleoderma, Behcet's syndrome, Crohn's disease, 
ulcerative colitis, autoimmune hepatitis, aplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic 
anemia, multiple sclerosis, autoimmune bullosis, psoriasis vulgaris, vasculitis syndrome, Wegener's granuloma, uveitis, 
Sjfigren's syndrome, idiopathic interstitial pneumonia, Goodpasture's syndrome, sarcoidosis, allergic granulomatous 
angitis, bronchial asthma, myocarditis, cardiomyopathy, aortitis syndrome, post myocardial infarction syndrome, pri- 
mary pulmonary hypertension, minimal change nephrotic syndrome, membranous nephropathy, membranoprolifera- 
tive glomerulonephritis, focal glomerular sclerosis, crescentic glomerulonephritis, myasthenia gravis, inflammatory 
neuropathy, atopic dermatitis, chronic actinic dermatitis, photosensitivity, pressure sores, Sydenham's chorea, sclero- 
sis, adult-onset type diabetes mellitus, insulin dependent diabetes mellitus, juvenile diabetes mellitus, atherosclerosis, 
glomerular nephritis, IgA nephropathy, tubulointerstitial nephritis, primary biliary cirrhosis, primary sclerosing cholan- 
gitis, fulminant hepatitis, viral hepatitis, GVHD, contact dermatitis, and sepsis; diseases of infection by fungus, myco- 
plasma, virus, and protozoon and the like; cardiovascular diseases such as cardiac failure, cardiac hypertrophy, ar- 
rhythmia, angina pectoris, cardiac ischemia, arterial embolism, aneurysm, varix, and circulation disorders; brain dis- 
eases such as Alzheimer's disease, dementia, Parkinson's disease, stroke, brain infarction, brain ischemia, depression, 
manic-depressive Illness, schizophrenia, Huntington's chorea, epilepsy, convulsion, attention deficit disorder, encepha- 
litis, cerebral meningitis, loss of appetite, and hyperphagia; and various diseases such as lymphoma, leukemia, diu- 
resis, pollakisuria, and diabetic retinopathy (particularly, autoimmune diseases such as rejection caused by transplan- 
tation of various organs or skin, systemic lupus erythematosus, rhematoid arthritis, multiple sclerosis, and atopic der- 
matitis) and the present inventors completed the present invention. 
[0019] The present invention is explained in detail. 

(1) Amino alcohol derivatives of the present invention are compounds of the general formula (I) shown below: 




R 8 R 7 



(I) 



NR 1 R 2 



[wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 




IP* 1 m q§4 k$ 



R 3 represents a Hydrogen atom, a lower alkyl group, or a protecting group of the hydroxy! grpgp; 
8* represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents an oxygen atom or a group of formula =N-D (wherein D represents a hydrogen atom, a C@*C 10 aryl 
* greup, a lower alkylsulfonyl group, a C 6 *e 10 arylsulfonyl group, or a group selected from Substituent group (a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula: -E-CH^ (wherein E 
represents a carbonyl group or a group of formula: -CH(QH)*), a Ce-C 10 aryleno group, or a C 6 *C 10 arylone group 
substituted with from 1 to 3 substituents selected from Substituent group (a); 

Z represents a single bond, a C r C 10 alkylene group, a C r C 10 alkylene group substituted with from 1 to 3 sub* 
10 stituents selected from Substituent group (a) and Substituent group (b), a C,-C 10 alkylene group which has an oxygen 
atom or a sulfur atom in said carbon chain or at the end of said carbon chain, or a C t -C 10 alkylene group substituted 
with from 1 to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b) 
which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, aC 6 -C 10 aryl group, a 5- to 7-membered heterocyclic 
15 group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a 
nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the group consisting 
of Substituent group (a) and Substituent group (b), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected 
from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 7-membered heterocyclic group 
containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen 
20 atom In which said heterocyclic group is substituted with from 1 to 3 substituents selected from Substituent group (a) 
and Substituent group (b) ; 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substituent 
group (a); 

Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno lower 

23 alkyl group, a lower alkoxy group, a lower alkylthio group, a carboxyl group, a lower alkoxycarbonyl group, a hydroxyl 
group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-lower alkylamino group, a 
lower aliphatic acyiamino group, a cyano group, and a nitro group; and 

Substituent group (b) represents the group consisting of a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, 

30 an oxygen atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from Substituent 
group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group 
consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with 
from 1 to 3 substituents selected from Substituent group (a); 

35 provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C,-C 10 alkylene group, a 
C.,-C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent group 
(a) and Substituent group (b), a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said carbon chain 
or at the end of said carbon chain, or a C^C^ alkylene group substituted with from 1 to 3 substituents selected from 
the group consisting of Substituent group (a) and Substituent group (b) which has an oxygen atom or a sulfur atom in 

40 said carbon chain or at the end of said carbon chain]. 

[0020] The present invention provides compounds of formula (I), pharmacologically acceptable salts thereof, and 
pharmacologically acceptable esters thereof. 
[0021] Of these, preferred compounds are: 

(2) a compound according to (1) wherein said compound of formula (I) has the formula (la): 

46 




,s (la) 



NR 1 R 2 



55 



(wherein, R 1 , R 2 , R 3 , R 4 , R 9 , R 8 , R 7 , X, Y, Z and n have the same meanings as those indicated hereinbefore), a 
pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof, 
(3) a compound according to (1) wherein said compound of formula (I) has the formula (lb): 



iP 1 m e§4 ai 




(wherein, R 1 , R?, R 0 , R 4 , R 5 , R e , R ? , X, V, 2 and n have the same meanings as these indleated herein&efer©), a 
pharmacologically acceptable salt thereof, or a pharmacologically acceptable esteF thereof, 
(4) a pharmacologically acceptable ester of the compound of formula (I) according to (1) wherein said compound of 
formula (I) has the formula (II): 



R 6 R 7 




X 



(II) 



NR R 



1 D 2 



(wherein, R 1 , R» R 4 , RP, pe, fl* x,Y, Zand n have the ©ame meanings as those indicated hereinbefore; R^and R<1 
are the same or different and each represents a hydrogen atom or a protecting group ef phospheFic aeid), of a phar= 
macologically acceptable salt thereof, 

(5) a pharmacologically acceptable ester of the compound of formula (II) according to (4) wherein said ester of formula 
(II) has the formula (Ma) r 




FT W 



(Ua) 



(wherein, R 1 , R 2 , R 4 , R 5 , R 8 , R 7 , X, Y, Z and n have the same meanings as those indicated hereinbefore; R 10 and R 11 
are the same or different and each represents a hydrogen atom or a protecting group of phosphoric acid), or a phar- 
macologically acceptable salt thereof, and 

(6) a pharmacologically acceptable ester of the compound of formula (I I) according to (4) wherein said ester of formula 
(II) has the formula (Mb): 





Y-Z-R 5 



R4 (CH 2 ) n < x X R 7 



(lib) 



NR'R 2 



(wherein, R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , X, Y, Z and n have the same meanings as those indicated hereinbefore; R 10 and R 11 
are the same or different and each represents a hydrogen atom or a protecting group of phosphoric acid), or a phar- 
macologically acceptable salt thereof. 

(7) Phosphonic acid derivatives of the present invention are compounds of the general formula (III) shown below: 
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R 10 O~ 




r 8 r 

X 

nr'r 2 



(III) 



(wherein, R 1 , R2, R* R 3 , R 8 , R 7 , R 10 , R 11 , X, Y, 2 and n have the same meanings as those Indicated hereinbefore), 
[0022] The present invention provides compounds of formula (lil), pharmacologically acceptable salts thereof, and 
pharmacologically acceptable esters thereof. 
[0023] Of these, preferred compounds are: 

(8) a compound according tp (7) wherein said compound of formula (III) has the formula (Ilia): 




(CH 2 ) n 



R 6 R 7 

H 




Y-Z-R 5 



(IHa) 



NR 1 R 2 



(wherein, R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , R 10 , R 11 , X, Y, Z and n have the same meanings as those indicated hereinbefore), a 
pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof, and 
(9) a compound according to (7) wherein said compound of formula (III) has the formula (lllb): 



R 8 Y-Z-R 8 




(Hlb) 



(wherein, R 1 , R 2 , R 4 , R 5 , R 8 , R 7 , R 10 , R 1 1, X, Y, Z and n have the same meanings as those indicated hereinbefore), a 
pharmacologically acceptable ©alt thereof, or a pharmacologically acceptable ester thereof. 
[0024] Of these, preferred compounds are: 

(10) a compound according to any one of (1) to (9) wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a lower aliphatic acyl group, a lower alkoxycarbonyl group, an aralkyloxycarbonyl group, or an ar- 
alkyloxycarbonyl group substituted with from 1 to 3 substituents selected from Substituent group (a), or a pharmaco- 
logical ly acceptable salt thereof, 

(11) a compound according to any one of (1) to (9) wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a lower aliphatic acyl group, or a lower alkoxycarbonyl group, or a pharmacologically acceptable salt 
thereof, 

(12) a compound according to any one of (1) to (9) wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a C.,^ aliphatic acyl group, or a CyC 4 alkoxycarbonyl group, or a pharmacologically acceptable 
salt thereof, 

(13) a compound according to any one of (1) to (9) wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a C r C 2 aliphatic acyl group, or a C r C 2 alkoxycarbonyl group, or a pharmacologically acceptable 
salt thereof, 

(14) a compound according to any one of (1) to (9) wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, an acetyl group, or a methoxycarbonyl group, or a pharmacologically acceptable salt thereof, 

(15) a compound according to any one of (1) to (9) wherein each of R 1 and R 2 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof, 

(16) a compound according to any one of (1) tp (3) and (10) to (15) wherein R 3 represents a hydrogen atom, a lower 
alkyl group, a lower aliphatic acyl group, an aromatic acyl group, an aromatic acyl group substituted with from 1 to 3 
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substituents selected from Substltuent group (a), or a silyl group, or a pharmacologically acceptable salt thereof, 
(1 7) a compound according to any one of (1 ) to (3) and (1 0) to (1 S) wherein R a represents a hydrogen atom of a lower 
alkyl group, or a pharmacologically acceptable salt thereof, 

(1?) a compound according to any one of (1) to (3) and (10) to (15) wherein R 3 represent? a hydrogen atom or a C^C 4 
£ alkyl group, or a pharmacologically acceptable salt thereof, 

(19) 3 compound according to any one of (1) to (3) and (1 0) to (15) wherein R 3 represents a hydrogen atom, a methyl 
group, or an ethyl group, or a pharmaeologieaily acceptable salt thereof, 

(20) a compound according to any one of (1) to (3) and (10) to (15) wherein R 3 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof, 

w (21 ) a compound according to any one of (1 ) to (20) wherein R 4 represents a C r C 4 alkyl group, or a pharmacologically 
aceeptable ealt thereof, 

(22) a compound according to any one of (1) to (20) wherein R 4 represents a C r C 2 alkyl group, or a pharmacologically 
acceptable salt thereof, 

(23) a compound according to any one of (1) to (20) wherein R 4 represents a methyl group, or a pharmacologically 
15 acceptable salt thereof, 

(24) a compound according to any one of (1) to (23) wherein n represents an integer 2 or 3, or a pharmacologically 
acceptable salt thereof, 

(25) a compound according to any one of (1) to (23) wherein n represents an integer 2, or a pharmacologically accept- 
able salt thereof, 

20 (26) a compound according to any one of (1) to (25) wherein X represents an oxygen atom, or a pharmacologically 
acceptable salt thereof, 

(27) a compound according to any one of (1) to (25) wherein X represents a group of formula: =N*D (wherein D rep- 
resents a hydrogen atom, a 0yC 4 alkyl group, or a phenyl groyp), or a pharmacologically acceptable salt thereof, 

(28) a compound according to any one of (1) to (25) wherein X represents a group of formula; -N*CH 3 , or a pharma- 
25 cologically acceptable salt thereof, 

(29) a compound according to any one of (1) to (28) wherein Y represents an ethylene group, an ethynylene group, a 
group of formula: -CG-CH 2 -, a group of formula: -CH(OH)*CH 2 -, a phenylene group, or a phenylene group substituted 
with from 1 to 3 substituents selected from the group consisting of a halogen atom and a lower alkyl groyp, or a 
pharmacologically acceptable salt thereof, 

so (30) a compound according to any one of (1) to (28) wherein Y represents an ethylene group, an ethynylene group, a 
group of formula: -CO-CH 2 -, or a phenylene group, or a pharmacologically acceptable salt thereof, 
(31 ) a compound according to any one of (1 ) to (30) wherein Z represents a G 1 -C 10 alkylene group or a C^Cio alkylene 
group substituted with from 1 to 3 substituents selected from the group consisting of Substltuent group (a) and Sub- 
stltuent group (b), or a pharmacologically acceptable salt thereof, 

35 (32) a compound according to any one of (1) to (30) wherein Z represents a OyC 6 alkylene group or a CVC 6 alkylene 
group substituted with from 1 to 3 hydroxy! groups, or a pharmacologically acceptable salt thereof, 

(33) a compound according to any one of (1) to (30) wherein Z represents a C r C 5 alkylene group or a C r C 5 alkylene 
group substituted with from 1 to 3 hydroxyl groups, or a pharmacologically acceptable salt thereof, 

(34) a compound according to any one of (1) to (30) wherein Z represents an ethylene group, a trimethylene group, a 
40 tetramethylene group, or an ethylene, trimethylene, or tetramethylene group substituted with one hydroxyl group, or a 

pharmacologically acceptable salt thereof, 

(35) a compound according to any one of (1 ) to (30) wherein Z represents an ethylene group, a trimethylene group, or 
a tetramethylene group, or a pharmacologically acceptable salt thereof, 

(36) a compound according to any one of (1 ) to (30) wherein Z represents an ethylene group or a trimethylene group, 
45 or a pharmacologically acceptable salt thereof, 

(37) a compound according to any one of (1 ) to (30) wherein Z represents a C^C^ alkylene group which has an oxygen 
atom or a sulfur atom In said carbon chain or at the end of said carbon chain or a C^C^ alkylene group substituted 
with one hydroxyl group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon 
chain (said substltuent is selected from the group consisting of a lower alkyl group and a hydroxyl group), or a phar- 

50 macologlcally acceptable salt thereof, 

(38) a compound according to any one of (1 ) to (30) wherein Z represents a C^C^ alkylene group which has an oxygen 
atom or a sulfur atom In said carbon chain or at the end of said earbon chain, or a pharmacologically acceptable salt 
thereof, 

(39) a compound according to any one of (1 ) to (30) wherein Z represents a C.|-C 10 alkylene group which has an oxygen 
5$ atom in said earbon chain or at the end of said carbon chain, or a pharmacologically acceptable salt thereof, 

(40) a compound according to any one of (1 ) to (30) wherein Z represents a C 1 -C 0 alkylene group which has an oxygen 
atom in said carbon chain or at the end of said carbon chain, or a pharmacologically acceptable salt thereof, 

(41) a compound according to any one of (1) to (30) wherein Z represents a group of formula -0-CH 2 -, -0-(CH 2 ) 2 -, 
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*Q-(CH 2 )3' ? *£H r ©-, ^CH 2 )g*0-, or '(CH ? ) 3 -0-, or a pharmacologically acceptable salt thereof, 

(42) a compound aeeordlng to any one of (1) to (3e) wherein Z represents a group of formula -GH r Qr of *(CHg) ? >Q», 
or a pharmacologically acceptable salt thereof, 

(43) a compound according to any one of (1) to (42) wherein R s represents a hydrogen atom, or a pharmacologically 
acceptable eatt thereof, 

(44) a compound according to any one of (1) to (42) wherein R 5 represents a C 3 -C 10 cycloalkyl group, a C^C 10 aryl 
group, or a G 3 -C 10 cycloalkyl of e 6 -C 10 aryl group substituted with from 1 to 3 substituenta selected from the group 
consisting of a halogen atom, a lower aikyl group, q haiogeno lower alkyl group, a iower alkoxy group, and a lower 
alkylthio group, or a pharmacologically acceptable salt thereof, 

(45) a compound according to any one of (1) to (42) wherein R 5 represents a C 3 -C 10 cycloalkyl group, a C 6 ^C 10 aryl 
group, or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted with from 1 to 3 substltuents seleciod from the group 
consisting of a halogen atom, a lower alkyl group, a haiogeno lower alkyl group, and a lower alkoxy group, or a phar- 
macologically acceptable salt thereof, 

(46) a compound according to any one of (1) to (42) wherein R 5 represents a C 5 -C 6 cycloalkyl group, a phenyl group, 
or a naphthyl group, or a pharmacologically acceptable salt thereof, 

(47) a compound according to any one of (1) to (42) wherein R 5 represents a cyclohexyl group or a phenyl group, or 
a pharmacologically acceptable salt thereof, 

(48) a compound according to any one pf (1) to (47) wherein R 6 and R 7 are the same or different and each represents 
a hydrogen atom, a halogen atom, a lower alkyl group, a haiogeno lower aikyl group, a lew§r alkoxy group, or a lower 
alkylthio group, or a pharmacologically acceptable salt thereof, 

(49) a compound according to any one of (1) to (47) wherein each of R$ and R 7 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof, 

(50) a compound according to any one of (4) to (15) and (21) to (49) wherein R 10 and R 11 are the same or different 
and each represents a hydrogen atom or a lower alkyl group, or a pharmacologically acceptable salt thereof, 

(51) a compound according to any one of (4) to (15) and (21) to (49) wherein R 10 and R 11 are the same or different 
and each represents a hydrogen atom or a C r C 4 alkyl group, or a pharmacologically acceptable salt thereof, 

(52) a compound according to any one of (4) to (15) and (21) to (49) wherein R 10 and R 11 are the same or different 
and each represents. a hydrogen atom, a methyl group, or an ethyl group, or a pharmacologically acceptable salt 
thereof, and 

(53) a compound according to any one of (4) to (1 5) and (21 ) to (49) wherein each of R 1 0 and R 11 represents a hydrogen 
atom, era pharmacologically acceptable salt thereof. 

[0025] Compounds according to (1 ) above which comprise any combination selected freely from the groups consist- 
ing of (2) and (3); (10) to (15); (16) to (20); (21) to (23); (24) and (25); (26) to (28); (29) and (30); (31) to (42); (43) to 
(47); and (48) and (49) are preferred. 

[0026] Compounds according to (4) above which comprise any combination selected freely from the groups consist- 
ing of (5) and (6); (10) to (15); (21) to (23); (24) and (25); (26) to (28); (29) and (30); (31) to (42); (43) to (47); (48) and 
(49); and (50) to (53) are preferred. 

[0027] Compounds according to (7) above which comprise any combination selected freely from the groups consist- 
ing of (8) and (9); (10) to (15); (21)' to (23); (24) and (25); (26) to (28); (29) and (30); (31) to (42); (43) to (47); (48) and 
(49); and (50) to (53) are preferred. 
[0028] Of these, the most preferred compounds are: 

(54) a compound selected from the following compounds, a pharmacologically acceptable salt thereof, or a pharma- 
cologically acceptable ester thereof: 

2-amlno-2^methyl-4-[5-(5-phenylpenty|)furan-2-yl]butan-1-ol, 
8-aminQ^8-methyl-4-[5'(5tcyelohexylpent=1 -yRyl)furan*2-yl]butan-1 *o!, 
2'amlno-2-methyl-4-t5-(5-phenylpent-1-ynyl)fgran-2-yl]butan-1-ol ( 
2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan'2-yl]butan-1-ol, 
2^amlnp-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]butan-1-ol, and 
2-aminp-2-methyl-4-{5-[3-(3,4-.dimethylphenoxy)prop-1-ynyl]furan-2-yl}butan-1-ol, 

(55) a compound selected from the following compounds, a pharmacologically acceptable salt thereof, or a pharma- 
cologically acceptable ester thereof: 

2-amlno-2=-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 
2-amlno-2-methyl*4-{1 -methyl*5'[3*(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 
2-amino-2-methyl-4-[1 -methyl^5-(4-eyclohexyloxybut-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 
2-amino-2-methyl-4-{1 -methyl-5-[3-(3,4^dimethylphenpxy)prop-1 -ynyl]pyrrpl-2-yl}butan-1 -pi, 
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?ramino«2-methy!-441 

2*amlnQ-2<m0thylwHi.methyi-6*(5^ 

2-amino-2-methyl-4-il-methyl-5^^ 

2-aminp-2-methyl-4*[1 -methyl-5-(4^yclphoMylbutanoyl)pyrrol-2-yl]butan-1-ol, 
a 2rgimino-2-mothyk4-[1 -ethyl-S^S-phenylpQntanoy^pyrfol^-yllbutan-l *ol, 

2-amlno-2-methy!-4-[1-ethyl-5-(5-cyclohex^ 

2-amino-2-methyl-4-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1 -ol, and 

2- amino-2-methyl-4-[1-ethyI-5-(4-cyclohexylbutanoyl)pyrrol-2-yI]butan-1-ol, 

10 (56) a compound according to (4) wherein said compound is selected from the following compounds or a pharmaco- 
logically acceptable salt thereof: 

mono 2-amino l -2-m^thyl-4-t5-(5-phenylpenty|)furan-2-yl]-1 -butyl phosphate, 
mano 2'amino-2-methyU4.t6-(S-eyelohei(y!p^nM *ynyl)furan*2«ylH "butyl phosphate, 
is mono 2-amino-2-methylr4-[5-(5-ph0r)ylp0ntTl -ynyl)fura^2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-eyclGhexy!oxybut-1 -ynyl)furan-2-yl]*1 -butyl phosphate, 

mono 2-amlno-2-m^thyl-4^5-(5-cyc!ohexy|pentanoyl)furan-2-yi]-1 -butyl phosphate, and 

mono 2-amino-?-methyl-4-{5-[3-(3,4-dimethy|ph0noxy)prop'1 -ynyl]furan-2-yl}«1 -butyl phosphate, 

so (57) g compound according to (4) wherein said compound is selected from the following compounds or a pharmaco- 
logically acceptable salt thereof; 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{1 -methyi-5-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

25 mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{1 -methyl-5-[3-(3,4-dimethy!phenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrroi-2-yl)-1 -butyl phosphate, 
mono 2-amino-2-methyi-4-[1 -methyl-5-(5-cyc!ohexylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

30 mono 2-amino-2-methyl-4-[1 -methyl-5-(4-eyclohexylbutanoyl)pyrrol-2-,yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-9-[1 -ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-eyclohexylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, and 
mono 2-amino-2-methyl-4-[1 -ethyl-5-(4-cyclohexylbutanoyl)pyrro!-2-yl]-1 -butyl phosphate, 

35 

(58) a compound according to (7) wherein said compound is selected from the following compounds or a pharmaco- 
logically acceptable salt thereof: 

3- amino-3-methyl-5-[5-(5-phenylpentyl)furan-2-yl]pentylphosphonic acid, 

ao 3-amino-3-methyl-5-[5-(5-cyclohexylpenM-ynyl)furan- ; 2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpenM-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexy!oxybut-1-ynyi)furanr2-yl]pentylphosphonic acid, 
3ramino-3-methyl-S-[5-(5-cyclohexylpentanoyl)furan-2-yl]p0ntylphosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(3^ acid, and 

45 

(59) a compound according to (7) wherein said compound is selected from the following compounds or a pharmaco- 
logically acceptable salt thereof: 

3-aminp-3^methyl-5-(1 -methyl-5-(5-ghenylpent-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
so 3-amino-3-methyl-5-{1 -methyU§-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}pentylphosphonic acid, 

3-amino-3-methyl-5-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]pentylphosphonlc acid, 
3-amino-3-methyl-5-{1-methyl-5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]pyrrol-2-yl}penty!phosphon acid, 
3-amino-3-methyl-5-[1-methy!-5-(5-phenylpentanoyl)pyrrol-2-yl)pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-S-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
55 3-amlno-3-methyl-5-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 

3-amlno-3-methyl-5-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-ethyl-5-(5-phenylpentanoyl)pyrrol-2-yi]pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
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S«amlR©-3*methyl?5-[1 «ethyi-S-(4=phenylbutanoyl)pyFFel«2^ aoid, and 

3<amin0-3'inethyl-5-[1 -ethyt-6-(4-oyqlDhoKylbytanoyl)pypF8!=2ryl]pentylphOfiphoRle aeki 

[0029] Furthermore, the present invention provides the following pharmaceutical compositions: 

(60) a pharmaceutical composition containing at least one immunosuppressant selected from the group consisting of 

an agent having the action of inhibiting intracellular signal transduction involved in cytokine expression of T-cells, 

an agent having the action of inhibiting nucleoside synthesis in immune cells, an agent having the action of inhibiting 

the action pf cytokines on immune cells and having antirheumatic action, 

an alkylating agent causing cell death by breakdown of DNA chains or blocking DNA synthesis, 

a metabolic antagonist inhibiting the metabolism of nucleic acids by blocking folic acid production, 

a protein drug having the suppression action of TNF-ec, 

a steroid hormone agent that binds to intracellular steroid receptors to form a complex which binds to reaction sites 
on chromosomes, resulting In tho synthesis of proteins which show immunosuppressive activity, 
a substance suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drug antagonizing the action 
of prostaglandin, and 

at least one compound selected from the group consisting of compounds of the general formula (I): 



NR R 



R 



-(CH 3 ), 



R*0 



X 



(I) 



(wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 

R 3 represents a hydrogen atom, a lower alkyl group, or a protecting group of the hydroxyl group; 
R* represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents a sulfur atom, an oxygen atom, or a group of formula =N-D (wherein D represents a hydrogen atom, 
an aryl group, a lower alkylsulfonyl group, an arylsulfonyl group, or a group selected from Substituent group (a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula -E-CH 2 - (wherein E 
represents a carbonyl group or a group of formula -CH(OH)-), a C^-Cg arylene group, or a C r C 6 arylene group sub- 
stituted with from 1 to 3 substituents selected from Substituent group (a); 

Z represents a single bond, a C r C 10 alkylene group, a C r C 10 alkylene group substituted with from 1 to 3 sub- 
stituents selected from the group consisting of Substituent group (a) and Substituent group (b), a C^C^ alkylene group 
which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, or a C r C 10 alkylene 
group substituted with from 1 to 3 substituents selected from the group consisting of Substituent group (a) and Sub- 
stituent group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, a C r C 6 aryl group, a 5- to 7-membered heterocyclic 
group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a 
nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the grpup consisting 
of Substituent group (a) and Substituent group (b), a C r Ce aryl group substituted with from 1 to 3 substituents selected 
from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 7-membered heterocyclic group 
containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen 
atom In which said heterocyclic group is substituted with from 1 to 3 substituents selected from the group consisting 
of Substituent group (a) and Substituent group (b); 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substituent 
group (a); 

[0030] Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, a lower alkylthlo group, a carboxyl group, a lower alkoxycarbonyl group, a 
hydroxyl group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-iower alkylamino 
group, a lower aliphatic acylamlno group, a cyano group, and a nitro group; and 

[0031J Substituent group (b) represents the group consisting of a C r C 6 cycloalkyl group, a C r C 6 aryl group, a 5- 
to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur 
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atom, an oxygen atom, and a nitrogen atom, a C r C 6 cycloalkyl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), a C r C 6 aryl group substituted with from 1 to 3 substituents selected from Substituent group 
(a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting 
of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 
substituents selected from Substituent group (a); 

provided that when R s represents a hydrogen atom, then Y represents a branched chain C r C 10 alkylene group, a 
alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent group 
(a) and Substituent group (b), a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said carbon chain 
or at the end of said carbon chain, or a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from 
the group consisting of Substituent group (9) and Substituent group (b) whleh has an oxygen atom or a sulfur atom in 
said oaFbon chain sr at the end of aaid carbon chain], 

a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 
[0038} Of these, preferred pharmaceutical compositions are: 

(61) a pharmaceutical composition according to (60) wherein said compound of general formula (I) has the general 
formula (la) shown below: 



R 3 0 




(wherein, R\ R 2 , R 3 , R 4 , R s , R 6 , R r , X, Y, Z and n have the same meanings as those indicated hereinbefore), 

(62) a pharmaceutical composition according to (60) wherein said compound of general formula (I) has the general 

formula (lb) shown below: 



NR R 



1d2 



R 

R 3 § 




(lb) 



(wherein, R 1 , R2 R 9 , R 4 , R 6 , R 6 , R 7 , X, Y, Z and n have the same meanings as these indicated hereinbefore), 

(83) a pharmaceutical composition according to (60) wherein the pharmacologically acceptable ester of the compound 

of formula (I) has the formula (II): 




R 7 
X 



(II) 



(wherein, R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , X, Y, Z and n have the same meanings as those indicated hereinbefore; R 10 and R 11 
are the same or different and each represents a hydrogen atom or a protecting group of phosphoric acid) or a phar- 
macologically acceptable salt thereof, 

(64) a pharmaceutical composition according to (63) wherein the ester of the compound of formula (II) has the formula 
(Ma): 
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(Ila) 



10 



is 



(^herein, R 1 . R 8 , R 4 , R 6 , R 6 , R 7 , R 1( >, R", X, Y, 2 and n have the same meanings as those indicated hereinbefore) or 
a pharmacologically acceptable salt thereof , and 

(65) a pharmaceutical composition according to (63) wherein the ester of the compound of formula (II) has the formula 
(lib) : 




(CH 2 )r 




f\ 



R 



NR 1 R 2 



(wherein, R 1 , R?, R* ; rs ? r8, r 7 , r 1 o, R 1 ^ X, Y, Z and n have the same meanings as those Indicated hereinbefore) or 
a pharmacologically acceptable salt thereof. 
25 [0033] Furthermore, the present Invention provides the following pharmaceutical compositions: 

(66) a pharmaceutical composition containing at least one immunosuppressant selected from the group consisting of 
an agent having the action of inhibiting intracellular signal transduction Involved in cytokine expression of T-cells, 
an agent having the action of inhibiting nucleoside synthesis in immune cells, 

an agent having the action of inhibiting the action of cytokines on immune cells and having antirheumatic action, 
30 an alkylating agent causing cell death by breakdown of DNA chains or blocking DNA synthesis, 
a metabolic antagonist inhibiting the metabolism of nucleic acids by blocking folic acid production, 
a protein drug having the suppression action of TNF-a, 

a steroid hormone agent that binds to intracellular steroid receptors to form a complex which binds to reaction sites 
on chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity, and a substance 
35 suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drug antagonizing the action of prostag- 
landin, and 

at least one compound selected from the group consisting of compounds of the general formula (ill) shown below: 



40 R 6 r7 

R 10o_jL^\^ (III) 
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OR 11 ^ R 1 R 2 



[wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 
so r* represents a lower alkyl group; 

n represents an integer of from 1 to 6; . 

X represents a sulfur atom, an oxygen atom or a group of formula =N-D (wherein D represents a hydrogen atom, 
a C 6 -C 10 aryl group, a lower alkylsulfonyl group, a C 6 -C 10 arylsulfonyl group, or a group selected from Substituent 
group (a)); 

55 Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula -E-CH 2 - (wherein E 

represents a carbonyl group or a group of formula -CH(OH)-), a C 6 -C 10 arylene group, or a C 6 -C 10 arylene group 
substituted with from 1 to 3 substituents selected from Substituent group (a); 

Z represents a single bond, a C^C^ alkylene group, a C r C 10 alkylene group substituted with from 1 to 3 sub- 



affluents selected from the group consisting of Substituent group (a) and Substituent group (b), a e r C 10 alkylen© group 
which has an oxygen atom or a sulfur atom Ir said eaFbon ehain or at the and of said carbon chain, or a QyQ^ alKylono 
group substituted with from 1 to 3 substituents selected from the group consisting of Substltuent group (a) and Sub- 
stituent group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cyeloalkyl group, p C 6 -C 10 aryl group, a 5- to 7-membered heterocyclic 
group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a 
nitrogen atom, a C 3 -G 10 cyeloalkyl group substituted with from 1 to 3 substituents selected from the group consisting 
of Subatituent group (a) and Substituent group (b) , a Q 6 -C 1Q aryl group substituted with from 1 to 3 substituents selected 
from the group consisting of Substltuent group (a) and Substltuent group (b), or a S- to 7-membered heterocyclic group 
containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen 
atom in which said heterocyclic group is substituted with from 1 to 3 substituents selected from the group consisting 
of Substituent group (a) and Substltuent group (b); 

R 6 and R' are the same or different and each represents a hydrogen atom or a group selected from Substltuent 
group (a); 

R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of phosphoric 

80id! 

Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno lower 
alky! group, a lower aikexy group, a lower afkylthi? group, a earboxyl group, a lower alkoxyearbonyl group, a hydroxy) 
group, a lower aliphatic acyl group, an amino group, a mono*lower alkylamino group, a di-lower alkylamino group, a 
lower aliphatic acylamlno group, a cyano group, and a nitro group; and 

Substltuent group (b) represents the group consisting of a C 3 -C 10 cyeloalkyl group, a C 6 -C 10 aryl group, a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, 
an oxygen atom, and a nitrogen atom, a C 3 -C 10 cyeloalkyl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from Substituent 
group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group 
consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with 
from 1 to 3 substituents selected from Substituent group (a); 

provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C|-C 10 alkylene group, a 
C 1 -C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent group 
(a) and Substituent group (b), a C^C^ alkylene group which has an oxygen atom or a sulfur atom in said carbon chain 
or at the end of said carbon chain, or a C«|«C 10 alkylene group substituted with from 1 to 3 substituents selected from 
the group consisting of Substltuent group (a) and Substituent group (b) which has an oxygen atom or a sulfur atom in 
said carbon chain or at the end of said carbon chain], 

a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 
[0034] Of these, preferred pharmaceutical compositions are: 

(67) a pharmaceutical composition according to (66) wherein the compound of formula (III) has the formula (Ilia): 



(wherein, R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , R 10 , R 11 , X, Y.Zand n have the same meanings as those indicated hereinbefore), and 
(68) a pharmaceutical composition according to (66) wherein the compound of formula (III) has the formula (Illb): 




OR 



NR 1 R 2 



R' 



>6 



Y-Z-R 5 




NR 1 R 2 



gp 1 m m m 



(wherein, R 1 , R 2 R 4 , R 5 , R*. r?, r10 ( rH ( x, y, Z and n have the same meanings as those indicated hereinbefore). 
EQOSS] 0f these, more preferred pharmaceutical eompesltions aF§; 

(69) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein R 1 and R 2 are 
the same or different and each represents a hydrogen atom, a lower aliphatic acyl group, a lower alkoxyearbonyl greup, 
an aralkyioxyearbonyl group, or an aralkyioxyearbonyl group substituted with from 1 to 3 substituents selected from 
Substitgent group (a), or a pharmacologically acceptable salt thereof, 

(70) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein R 1 and R 2 are 
the same or different and each represents a hydrogen atom, a lower aliphatic acyl group, or a lower alkoxyearbonyl 
group, pr a pharmacologically aeeeptable salt thereof, 

(71 ) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein R 1 and R 2 are 
the same or different and eaph represents a hydrogen atom, a CyC 4 aliphatic aeyl group, or a C r C 4 alkoxyearbonyl 
group, or a pharmacologically acceptable salt thereof, 

(72) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein R 1 and R 2 are 
the same or different and each represents a hydrogen atom, a CyC 2 aliphatic aoyl group, or a CrC 2 alkoxyearbonyl 
group, or a phannaeologically acceptable salt thereof, 

(73) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein R 1 and R 2 are 
the same or different and each represents a hydrogen atom, an acetyl group, or a methoxyearbenyl group, er a phar- 
macologically acceptable salt thereof, 

(74) a pharmaceutical composition according to any one of (60) to (68) containing a compound wherein each of R 1 
and R a represents a hydrogen atom, er a pharmacologically acceptable salt thereof, 

(75) a pharmaceutical composition according to any one of (60) to (62) and (69) to (74) containing a compound wherein 
R3 represents a hydrogen atom, a lower alkyl group, a lower aliphatic acyl group, an aromatic acyl group, an aromatic 
acyl group substituted with from 1 to 3 substituents selected from Substituent group (a), or a silyl group, or a pharma- 
cologically acceptable salt thereof, 

(76) a pharmaceutical composition according to any one of (60) to (62) and (69) to (74) containing a compound wherein 
R 3 represents a hydrogen atom or a lower alkyl group, or a pharmacologically acceptable salt thereof, 

(77) a pharmaceutical composition according to any one of (60) to (62) and (69) to (74) containing a compound wherein 
R 3 represents a hydrogen atom or a C r C 4 alkyi group, or a pharmacologically acceptable salt thereof, 

(78) a pharmaceutical composition according to any one of (60) to (62) and (69) to (74) containing a compound wherein 
R3 represents a hydrogen atom, a methyl group, or an ethyl group, or a pharmacologically acceptable salt thereof, 

(79) a pharmaceutical composition according to any one of (60) to (62) and (69) to (74) containing a compound wherein 
R 3 represents a hydrogen atom, or a pharmacologically acceptable salt thereof, 

(80) a pharmaceutical composition according to any one of (60) to (79) containing a compound wherein R 4 represents 
a C^C 4 alkyl group, or a pharmacologically acceptable salt thereof. 

(81 ) a pharmaceutical composition according to any one of (60) to (79) containing a compound wherein R 4 represents 
a Oy0 2 alkyl group, or a pharmacologically acceptable salt thereof, 

(82) a pharmaceutical composition according to any one of (60) to (79) containing a compound wherein R 4 represents 
a methyl group, or a pharmacologically acceptable salt thereof, 

(83) a pharmaceutical composition according to any one of (60) to (82) containing a compound wherein n represents 
an integer 2 or 3, or a pharmacologically acceptable salt thereof, 

(84) a pharmaceutical composition according to any one of (60) to (82) containing a compound wherein n represents 
an integer 2, or a pharmacologically acceptable salt thereof, 

(85) a pharmaceutical composition according to any one of (60) to (84) containing a compound wherein X represents 
a sulfur atom, or a pharmacologically acceptable salt thereof, 

(86) a pharmaceutical composition according to any one of (60) to (84) containing a compound wherein X represents 
an oxygen atom, or a pharmacologically acceptable salt thereof, 

(87) a pharmaceutical composition according to any one of (60) to (84) containing a compound wherein X represents 
a group of formula =N-D (wherein D represents a hydrogen atom, a C^C 4 alkyl group, or a phenyl group), or a phar- 
macologically acceptable salt thereof, 

(88) a pharmaceutical composition according to any one of (60) to (84) containing a compound wherein X represents 
a group of formula =N-CH 3 , or a pharmacologically acceptable salt thereof, 

(89) a pharmaceutical composition according to any one of (60) to (88) containing a compound wherein Y represents 
an ethylene group, an ethynylene group, a group of formula -CO-CH 2 -, a group of formula -CH(OH)-CH 2 -, a phenylene 
group, or a phenylene group substituted with from 1 to 3 substituents selected from the group consisting of a halogen 
atom and a lower alkyl group, or a pharmacologically acceptable salt thereof, 

(90) a pharmaceutical composition according to any one of (60) to (88) containing a compound wherein Y represents 
an ethylene group, an ethynylene group, a group of formula -CO-CH^, or a phenylene group, or a pharmacologically 
acceptable salt thereof, 
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(91) a pharmaceutical composition according to any one of (80) to (90) containing a compound wherein Z represents 
a e'^do alkylene group or a e r e 10 alkylene group substituted with from 1 to 3 substituents selected from the grpup 
consisting of Substituent group (a) and Substituent group (b), or a pharmacologically acceptable salt thereof, 

(92) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
8 a C r C 0 alkylene group or a C r C 6 alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacologically 

acceptable salt thereof, 

(93) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
a C r G g alkylene group or a C r e 5 alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacologically 
acceptable salt thereof, 

10 (94) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
an ethylene group, a trimethylene group, atetramethylenegroup, or an ethylene, trimethylene, or tetramethylene group 
substituted with one hydroxyl group, or a pharmacologically acceptable salt thereof, 

(9S) a pharmaceutical composition according to any one of (80) to (90) containing a compound wherein Z represents 
an ethylene group, a trimethylene group, or a tetramethylene group, or a pharmacologically acceptable salt thereof, 
1& (96) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
an ethylene group or a trimethylene group, or a pharmacologically acceptable salt thereof, 

(97) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
8 Ci-C^o alkylene group which has an oxygen atom or a sulfur atom In said carbon chain or at the end of said carbon 
chain or a C r C 10 alkylene group substituted with one hydroxyl group which has an oxygen atom or a sulfur atom in 

20 said carbon chain or at the end of said carbon chain (said substituent is selected from the group consisting of lower 
alkyl groups and hydroxyl groups), or a pharmacologically acceptable salt thereof, 

(98) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
a C^C^ alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon 
chain, or a pharmacologically acceptable salt thereof, 

25 (99) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
a Cj-Cip alkylene group which has an oxygen atom in said carbon chain or at the end of said carbon chain, or a 
pharmacologically acceptable salt thereof, 

(1 00) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
a C^Gq alkylene group which has an oxygen atom in said carbon chain or at the end of said carbon chain, or a 

30 pharmacologically acceptable salt thereof, 

(101) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
a grpup of formula -0-CH r> -0-(CH 2 ) 2 *, -0(CH 2 ) 3 «, -CH r O-, -(eH 2 ) r O-, or -(CH^-O-, or a pharmacologically ac- 
ceptable salt thereof, 

(102) a pharmaceutical composition according to any one of (60) to (90) containing a compound wherein Z represents 
35 a group of formula -CH 2 -Q- or -(CH 2 ) 2 -0-, or a pharmacologically acceptable salt thereof, 

(1 03) a pharmaceutical composition according to any one of (60) to (1 02) containing a compound wherein R 5 represents 
a hydrogen atom, or a pharmacologically acceptable salt thereof, (104) a pharmaceutical composition according to 
any one of (60) to (1 02) containing a compound wherein R 5 represents a C3-C1Q cycloalkyl group, a C 6 -C 10 aryl group, 
or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from the group consisting 

40 of a halogen atom, a lower alkyl group, a halogen© lower alkyl group, a lower alkoxy group, and a lower alkylthio group, 
or a pharmacologically acceptable salt thereof, 

(1 05) a pharmaceutical composition according to any one of (60) to (1 02) containing a compound wherein R 5 represents 
a C r Cw cycloalkyl group, a C 6 «C 10 aryl group, or a C 3 -G 10 cycloalkyl or C 6 *Cio aryl group substituted with from 1 to 
3 substituents selected from the group consisting of a halogen atom, a lower alkyl group, a halogeno lower alkyl group, 

45 and a lower alkoxy group, or a pharmacologically acceptable salt thereof, 

(1 06) a pharmaceutical composition according to any one of (60) to (1 02) containing a compound wherein R 5 represents 
a C 5 -C 6 cycloalkyl group, a phenyl group, or a naphthyl group, or a pharmacologically acceptable salt thereof, 

(1 07) a pharmaceutical composition according to any one of (60) to (1 02) containing a compound wherein R 5 represents 
a cyclohexyl group or a phenyl group, or a pharmacologically acceptable salt thereof, 

50 (108) a pharmaceutical composition according to any one of (60) to (107) containing a compound wherein R 6 and R 7 
are the same or different and each represents a hydrogen atom , a halogen atom, a lower alkyl group, a halogeno lower 
alkyl group, a lower alkoxy group, or a lower alkylthio group, or a pharmacologically acceptable salt thereof, 
(109) a pharmaceutical composition according to any one of (60) to (107) containing a compound wherein each of R 6 
and R 7 represents a hydrogen atom, or a pharmacologically acceptable salt thereof, 

55 (110) a pharmaceutical composition according to any one of (63) to (74) and (80) to (109) containing a compound 
wherein R 10 and R 11 are the same or different and each represents a hydrogen atom or a lower alkyl group, or a 
pharmacologically acceptable salt thereof, 

(111) a pharmaceutical composition according to any one of (63) to (74) and (80) to (109) containing a compound 




wherein F^ G and R 1 * are the same or different and each represents a hydrogen atom or a 0 r e 4 alkyl group, or a 
pharmacologically acceptable salt thereof, 

(112) a pharmaceutical composition according to any one of (63) to (74) and (80) to (109) containing a compound 
wherein R 1 ^ and R*1 are the same or different and each represents a hydrogen atom, Q methyl group or an ethyl gF©yp, 

9 or g pharmacologically acceptable salt thereof, and 

(113) a pharmaceutical composition according to any one of (63) to (74) and (80) to (109) containing a compound 
wherein each of R^ G and R 11 represents a hydrogen atom, or a pharmacologically aeeeptable salt thereof. 

{0038] Of these, particularly preferred pharmaceutical compositions are: 

(114) a pharmaceutical composition according to (60), wherejn the compound of general formula (i), or pharmacolog- 
ic* ieally acceptable salt thereof, or pharmacologically aeeeptable ester thereof Is selected from the group consisting of 

the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 
thereof; 

^amin©*2*m0thyi?4<[5r(4^ 
i$ 2Tamine«8-methyl*4«[5»(5^ 
2*amlno-2-methyl-4^[5-(5^ 

2-amino-2-methyl-4-[5=(4'cyelohexyloxybutyl)thlpphen»2-yl]butan-1-ol, 

2-£minO'2Hiiethyi-4-{5-[4^ 

2-amine*2rm©thyl-4-{6-(4-(4«m 
30 2-amino-2-methyl'4-[5-(4-ben2yloxybutyl)thiophenr2?yl]butan-1-o! ( 

2-amino-2-methyl-4^6-(4-cyelohexylbuM-ynyl)thiophen-2-yl]butan-1-ol, 

2-amlno-2-methyl-4-[5-(4«phenylbut-1-ynyl)thlophen-2«yl]butan-1-ol, 

2-amlno-2-methyl-4-[5-(4-cyclohexylpent-1 -ynyl)thlophen-2-yl]butan-1 -ol, 

2-amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)thiophen-2-yl]butan-1 -ol, 
25 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent-1-ynyl]thlophen-2-yl}butan-1-ol, 

2-amlno-2-methyl-4-{5-[5-(4-methoxyphenyl)pent-1-ynyl]thipphen-2-yl}butan-1-ol l 

2-amino-2-methyl-4-{5-[3-(4-methylphenoxy)prop-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-{5-t3-(4-ethylphenoxy)prop-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-{5-[3-(4-methy^ 
30 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)thiophen-2-yl]butan-1 -ol, 

2*amino-2-methyU4-{5-[4-(4-fluorophenoxy)but-1-ynyl]thiophen-2*yl}butan-1^ol J 

2-amino^methyl-4-{5-[4-(4-methy|phenoxy)but-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-[5-(3-cyelohexylmethoxyprop-1'ynyl)thlophen-2-yl]butan-1-ol, 

2-amino*2-methyl*4-[6-(4-ben2yloxybut-1-ynyl)thIophen-2-yl]butan-1roi, 
35 2'aminO'2-methyl-4'[5-(4-eyclohexylbutanoy!)thiophen*2-yl]butan-1-ol l 

2-amlno-2-methyl^4-t5-(4-phenylbutanoyl)thiophen^2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-eyclohexylpentanoyl)thipphen-2-yl]butan-1rol, 

2-amino-2-mQthyl-4-[5-(5-phenylpentanoyl)thiophen-2-yl]butan-1-ol, 

2-amlno-2-methyl^4-{6-[5-(4-fluorophenyl)pentanoyl]thiophen-2-yl}butan-1-ol, 
40 2-amino-2-ethyh4-[5-(5-cyclohexylpentyl)thiophen-2-yl)butan-1-ol, 

2-amlno-2-ethyl-4-[5-(5-cyclphexylpent-1-ynyl)thlophen-2-yl]butan-1-ol, 

2-aminO"2-ethyl-4-(5-(5-cyclohexylpentanoyl)thlophen^2-yl]butan-1-ol, 

2-aminO'2-methyl-4^{5-[3-(4-ehlorophenoxy)prop-1-ynyl]thiophen-2-yl}butan-1"Ol, 

2-amino-2-methyl-4-{S-[3-(3-methylphenoxy)prop-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amlno-2-methyl-4-{5-t3-(3,4-dlmethylphenoxy)prop-1-ynyl]thlophen-g-yl}butan-1-ol l 

2-amino-2-methyl-4-{5-[3-(3-methoxyphenoxy)prop-1-ynyl]thiophen-2-y|}butan-1-oi, 

2-amlno-2-methyl-4-{6-[3-(3,4-dimethoxyphenoxy)prop-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-{5-[3-(3,5-dlmethoxyphenoxy)prop-1-ynyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, and 
so 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy)prop-1-ynyl]thipphen-2-yl}butan-1-ol, 

(115) a pharmaceutical composition according to (60), wherein the compound of general formula (I), or pharmacolog- 
ically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consisting of 
the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 

55 thereof: 

2-amino-2-methyM-[5^(5-phenylpentyl)furan-2-y!]butan-1-pl, 
a'amlno^-methyl^S^s^yclehexylpenM^ynyOfuran^-yllbutan-l.ol, 



g-am!nQ<2<methyl*4*t9-(5^ 
8«8mino«2-methyi-4-[{M4^yete^ 

2^amino-2'mothyl-4-[5-(S^yclohexy!pentanoyl)furan-2-yl]butan-i-ol, and 
2~amino-2*methyl-4-{5-[3-^^ 

(116) a pharmaceutical composition according to (60), wherein the compound of general formula (I), or pharmacolog- 
ically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consisting of 
the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 
thereof: 



2?ara!nO'2<m§thyl»4»|:1 «wethyl^(6=phBnylpenM *yfly l)pyEFQU8<yl]butan*1 'Ol, 
^amine^methyM*^ «m©thyh5-[9«(4?methy!ph@np»y)pFop- 5 l •ynyt]pypFGl*g-=yi}butan^ »qI, 
2*am|no-2-m^thyl-4-[1 -methyl-5-(4.eyclohexyloxybuM -ynyl)pyrrol'2-yl]butan-1 -ol t 
2-amlnO"2*m0thyl-4'{1 -methyNS-[3-(3,4-dlmethylphenoxy)pfop-1 -ynyl]pyrrol-2-y!}but^n-1 -oi, 
2-amjne-2*methyl-4='[1-methyl-S-(5-phenylpi3ntanoy!)pyrrol-2-'yl]butan-1'Ol, 
2-amino-2'methyl-4-[1-methyl-S-(S-cyclhexy!pentanoyi)pyrrol-2-y!]butan-1-ol, 
2*amino=2?mpthyl-4-[1-methyl-S^ 

2-aminQ^methyi-4-[1-methyK5^(4-cyeloh^xyibutanoyl)pyrrol'2-yl]butan-1-ol, 
2-amino-2^methyl-4-[l-ethyl-6-(5-phenylpentanoyl)pyrrol-2-yi]butan 3 1-ol, 
2-aminO"2-methy!-4-[1-ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1 -ol, and 
2-aminc-2-methyl-4-[1-ethyl-5-(4-cyclohexylbutanoyl)pyrroi-2-yl]butan-1-oi, 

(117) a pharmaceutical composition according to (63), wherein the compound of general formula (II), or pharmacolog- 
ically acceptable salt thereof, or pharmacologically aeeeptablo ester thereof Is selected frem the group consisting of 
the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 
thereof: 



mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2«'methyl-4-[5-(6'Cyelphexylpentyl)thlophen»2-yl]-1 -butyl phosphate, 

mono 2-amjno-2-methyl'4-[5-(5"phenylpentyl)thiophen72-yl]-1 -butyl phosphate, 

mono 2'amino-2-methyl-4-[5-(4*cyclohexyloxybutyl)thiophen-2-yl)-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-{5-[4^(4-fluorophenoxy)butyi]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4.{5-[4-(4-methoxyphenoxy)butyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-[5-(4-benzyloxybutyl)thiophen-2-yl]'1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexylbut-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-phenylbut-1 -ynyl)thlophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino«2-methyl-4-[5-(5-phenylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4^{5-[5-(4-fluorophenyl)penM -ynyl)thlophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[5*(9«methoxyphenyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-methylphenoxy)prop-1 -ynyl]thlophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-9-{5-[3-(9-ethylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-methylthiophenoxy)prpp-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyi)thlophen-2-yl]-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-{5-[4-(4-fluorophenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy)prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-benzyloxybut-1 -ynyl)thiophen-2-yl)-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-[5-(4-cyciohexylbutanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-phenylbutanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amlnp-2-methyl-4-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-t5-(5-phenylpentanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-ethyl-4-[5'(5-cyclohexylpenM -ynyl)thlophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2*ethy!-4-[5-(5-cyclohexy|pentanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-{5-[3-(4-chlorophenoxy)prop-1 -ynyl]thlophen-2-yl}-1 -butyl phosphate, 
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mpno 2'aminora-methyl-4-(5-[3-(3-methylphenoxy)prop-1 -ynyl]thiophen-?-yl}-1 -butyl phosphate, 
FfiQne 2-amlno-2-methyl-4-{5-[3-(3,4-dimethy^^ -ynyl]thiophen«2-ylH -butyl phosphate, 

mono 2-amSno«2-methyl-4-{5-[3-(3-methoxyphenoxyl)prop-1 -ynyl]thiophem2-y!}-1 -butyl phosphate, 
mono 2-amlno-2-methyl-4-{5-[3-(3,4-dlmethoxyphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 
mono 2-amlno-2-methyl-4-{5-[3-(3,5-dlmethoxyphenoxyl)prop-1 -ynyi]thlophen-2-yl}-1 -butyl phosphate, 
mono 2-amlno-2-methyl-4-{5-t3-(3-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, and 
mono 2-amlno-2-m9thyl-4-{5-[3-(4-acetylphenoxy)prop- : 1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

(118) a pharmaceutical composition according to (63), wherein the compound of general formula (II), or pharmacology 
icaily acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consisting of 
the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 
thereof: 

mono 2-aminp-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[S-(5-cyelohexylpenM -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl)-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]-1 -butyl phosphate, and 

mono 2-amlno-2-methyl-4-{5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]furan-2-yl}-1 -butyl phosphate, 

(119) a pharmaceutical composition according to (63), wherein the compound of general formula (II), or pharmacolog- 
ically acceptable salt thereof, or pharmacologically acceptable ester thereof Is selected from the group consisting of 
the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable esters 
thereof: 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpenM -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2Tamino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenoxy)prpp-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-9-{1 -methyl-5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, mono 

2- emino-2-methyi-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yI]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-ylH -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -methyl-5-(4-phenylbutanoyl)pyrrot-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 
mono 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, and 
mono 2-amino-2-methyl-4-[1 -ethyl-5-(4-cyclohexylbutanoyi)pyrrbl-2-yl]-1 -butyl phosphate. 

(120) a pharmaceutical composition according to (66), wherein the compound of general formula (III), or pharmaco- 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof Is selected from the group consisting 
of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable 
esters thereof: 

3- amino-3-methyl-5-[5-(4-cyclohexylbutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpentyl)thiophen-2-yl]pentylphosphonic acid, 
3-am|no-3-methyl-5-[5-(5-phenylpentyl)thiophen-2-yl]pentylphosphonic acid, 
3-amlno-3-methyl-5-[5-(4-cyclohexyloxybutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[4-(4-fluorophenoxy)butyl]thiophen-2-yl}pentylphosphonlc acid, 
3-amino-3-methyl-6-{5-[4-(4-methoxyphenoxy)butyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-benzy!oxybutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexyibut-1-ynyl)thiophen-2-yl]pentylphosphonlc acid, 
3-amino-3-methyl-5-[5-(4-phenyibut-1 -ynyl)thiophen-2-yl]penty!phosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpent-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(6-phenylpent-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[5-(4-fluorophenyl)pent-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amlno-3-methyl-5-{5-[5-(9-methoxyphenyl)pent-1-ynyl]thlophen-2-yl}pentylphosphonic acid, 
3-amlno-3-methyl-5-{5-[3-(4-methylphenoxy)prop-1-ynyl]thlophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(4-ethylphenoxy)prop-1-ynyl]thiophen-2-yl)pentylphosphonlc acid, 
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3-amino-3«methyl-5-(5~[3-(4-me aeid, 
a*amiRe*3*methyl>HB E (4^ye!ehexyl^^^ acid, 
3^mino-3-methyl-5-{5-t4-(4*fluorophenoxy)but-1-ynyl]thlophen-2-yl}pentylph acid, 
3*amino*3*methyl-5-{5*[4-(4-methylphen^ acid, 
3rQmin0*3-methyl-545-(3-cyc!ohexy^ acid, 
3ramlno-3-methyl«5-[5-(4^ acid, 
3-aminO'3-methyi-5-[5*(4<yclohexyl(?utanoyl)thiophen-2-yl]pentylphosph^ acid, 
3-amlno-3-m6thyl-5-[5-(4-phenylbutanoyl)th^ acid, 
3-amino«3*methyl-5-[5*(5^ycloh©xyIpentanoyO acid, 
3-amlno-3-methyl-5-[5-(5-pheny!p©ntanoyl)thiQph0n-2-yl]pentylph acid, 
3*amino~3-methyl-5-{5-[5-(4-fluqro^ pcid, 
3-amino-3-ethyl-5-[5-(6"Cyclohe^Ip0ntyi)thIophen-2-yl]penty!ph acid, 
3-aminO'3-ethyi-5-[5-(5-cycloh©xy!pent-1-ynyl)thlophen-2-yl]pentyipho3pho acid, 
3-amino*3-ethyl*5-[5-(5-cyc!ohexy!pentanoy^ acid, 
3-amino*3-methyl-5-{5-[3-(4-chlorophenoxy)p^^ acid, 
3-amino-3-methyl-5-{5-[3-(3-methylp^ acid, 
3-amino-3-methyi-5-{5-[3-(3,4-dlmethyiphenoxy)prop-1-ynyl]thiophen-2'yl}pentylph 
3-amino-3-methyt-5-{5-[3-(3-methoxyph0noxyl)prop-1'ynyi]thlophen-2-yl}pentyl^ acid, 
3^amino-3-methyl-5-{5-[3-(3,4rdimethoxyphen acid, 
3-amino-3-methyl-5-{5-[3-(3,5-dimethoxyphenoxyl)prop-1-ynyl]thiop acid, 
3-amino-3-methyl-5-{5-[3-(3-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl}pentylphosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(4-acetylphenoxy)prop-1^^ acid, 

(121) a pharmaceutical composition according to (66), wherein the compound of general formula (III), or pharmaco- 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consisting 
of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable 
esters thereof: 

3-amino-3-methyl-5-[5-(5-phenylpentyl)furan-2-y!]pentylphosphonic acid, 
3-amino-3'methyl-5-[5'(5-cyelohexylpenM-ynyl)furan-2-yl]pentyiphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpenM-ynyl)furan-2-yl]pentylphosphonlc acid, 
3-amlnp-3-methyl-5-[5-(4-cyclohexyloxybuM-ynyl)furan-2-yl]pentylphosphonle acid, 
3-amino-3-methyl-6-[5-(S-cyclohexylpentanoyl)furan-2^yl]pentylphosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(3,4-dlmethylphenoxy)prop-1-ynyl]furan-2-yl}pentylphosphonic acid, 

(122) a pharmaceutical composition according to (66), wherein the compound of general formula (III), or pharmaco- 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consisting 
of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically acceptable 
esters thereof: 

3-amino-3-methyl-5-(1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{1-methyl-5^ acid, 
3-amlno-3-methyl-5-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{1-methyl-5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]pyrrol-2-yl}pentylphosphonic acid, 
3-amino-3-methyi-5-[1-methyl-5-(5-phenylpentanoyl)pyrrol'2-yl]pentylphosphonIc acldj 
3-amino-3-methyl-5-[2-methyl-5-(5-cyc|ohexylpentanoyl)pyrrol-2-yl]pentyiphosphonic acid, 
3"amino-3-methyl-5-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methy|-5-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-t1-ethyl'5-(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonlc acid, 
3-amino-3-methyl-5-[1'ethyl-6-(5-cyclohexy!pentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, and 
3-amino-3-methyl-5-[1-ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 

(123) a pharmaceutical composition according to any one of (60) to (122) wherein said composition contains at least 
one immunosuppressant selected from the group consisting of agents havfng the action of Inhibiting intracellular signal 
transduction involved in cytokine expression of T-cells (said agents are cyclosporin A, tacrolimus, rapamycin, gusper- 
Imus, everolimus, tresperimus, anlsperimus, SDZ-281-290, ABT-281, tigderimus, A-119435, or 17-ethyl-1 ,14-dlhy- 
droxy-12-[2-[4-(2-phenylhydrazlnocarbonyloxy)-3-methoxycyclohexyl]-1-methylvlnyl)-23,25'dimet 
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laj^gl^tetrOTOthyMI^ , 

agents having the action of Inhibiting nucleoside synthesis in immune ceils (said agents are mizoribine, a^athioprine, 

mycophenolle acid, leflunemide, merimempodib, HMR-1279, TSK-204, or SP-1 00030), 

agents having the action of Inhibiting the action of cytokines on immune cells and having antirheumatic action (said 
agents areT-614, actarlt, salazosulfapyridine, or CDC-8Q1), alkylating agents causing cell deeth by breakdown of DNA 
chains or blocking DNA synthesis (said alkylating agent is cyclophosphamide), 

metabolic antagonists inhibiting the metabolism of nucleic acids by blocking folic acid production (said metabolic an- 
tagonist is methotrexate), 

protein drugs having the suppression action of TN F-a (said protein drugs are remipade, enbrel, daclizumab, basiliximab, 
alemtuzumafe, omaiizumab, BMS-1 88667, eDP-571, inellmemab, ATM-027, priTI-322), 

steroid hormone agents that bind to intracellular steroid receptors to form a complex which binds to reaction sites on 
chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity (said steroid hormone 
agent is prednisolone), and substances suppressing prostaglandin production and/or nonsteroidal anti-inflammatory 
drugs antagonizing the action of prostaglandin (said nonsteroidal anti-inflammatory drugs are loxoprofen sodium, di- 
clofenac sodium, meloxicam, celecoxib, or rofecoxib), and 

(124) a pharmaceutical composition according to any one of (60) to (122) wherein said composition contains at least 
one immunosuppressant selected from the group consisting of cyclosporin A, tacrolimus, rapamycin, ieflunomide, meth- 
otrexate, remleade, and enbrel. 

[0037] Another object of the present invention is to provide the following pharmaceutical compositions and methods: 

(125) a pharmaceutical composition comprising as an active ingredient a compound, a pharmacologically acceptable 
salt thereof or a pharmacologically acceptable ester thereof according to any one of (1 ) to (59), 

(126) a pharmaceutical composition according to (125) for the prevention or treatment of autoimmune diseases, 

(127) a pharmaceutical composition according to (126) wherein said autoimmune disease Is rheumatoid arthritis, 

(1 28) a pharmaceutical composition according to (1 25) for suppression of rejection caused by transplantation of various 
organs, 

(129) a method for the prevention or treatment of autoimmune diseases in a mammal which comprises administering 
to said mammal an effective amount of a pharmaceutical composition according to any one of (60) to (125), 

(1 30) a method for the prevention or treatment of rheumatoid arthritis in a mammal which comprises administering to 
said mammal an effective amount of a pharmaceutical composition according to any one of (60) to (125), and 

(131) a method for the prevention or treatment of rejection caused by transplantation of various organs in a mammal 
which comprises administering to said mammal an effective amount of a pharmaceutical composition according to any 
one of (60) to (125). 

[0038] In the formulae (I), (II) and (III), 

the aryl moiety of the "C 6 -C 10 aryl group", the "Cfi-C 10 aryl group which is substituted with from 1 to 3 substltuents 
selected from Substituent group (a)", or the *'C 6 «C 10 aryl group which Is substituted with from 1 to 3 substltuents selected 
from the group consisting of Substituent group (a) and Substituent group (b) M in the definition of D, R 5 or Substituent 
group (b) can be, for example, a group such as a phenyl, indenyl, or naphthyl group, and is preferably a phenylene or 
naphthylene group, and most preferably a phenylene group. 

[0039] The arylene moiety of the "C 6 -C 10 arylene group", the M C 6 -C 10 arylene group which Is substituted with from 
1 to 3 substltuents selected from Substituent group (a) M , or the "C 6 -C 10 arylene group which is substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b)" in the definition 
of Y or E can be, for example, a group such as a phenylene, indenylene, or naphthylene group, and is preferably a 
phenylene or naphthylene group, and most preferably a phenylene group. 

[0040] The C r C 10 alkylene moiety of the "Cj-Cjo aikylene group" or the "C r C 10 alkylene group which is substituted 
with from 1 to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b)'\ 
in the definition of Z includes straight or branched chain alkylene groups having from 1 to 10 carbon atoms, and can 
be, for example, a group such as a methylene, methylmethyleno, ethylene, propylene, trimethylene, 1 -methylethylene, 
tetramethylene, 1-methyltrlmethylene, 2-methyltrimethylene, 3-methyltrimethylene, 1-methylpropylene, 1 ,1-dimethyl- 
ethylene, pentamethylene, 1 -methyltetramethylene, 2-methyltetramethylene, 3-methyltetramethylene, 4-methylte- 
tramethylene, 1,1-dimethyltrimethylene, 2,2-dimethyltrlmethylene, 3,3-dimethyltrimethylene, hexamethylene, 1-meth- 
ylpentamethylene, 2-methylpentamethylene, 3-methylpentamethylene, 4-methylpentamethylene, 5-methylpentameth- 
ylene, 1 ,1-dimethyltetramethylene, 2,2-dimethyltetramethylene, 3,3-dimethyltetramethylene, 4,4-dimethyltetramethyl- 
ene, heptamethylene, 1-methylhexamethylene, 2-methylhexamethylene, 5-methylhexamethylene, 3-ethylpentameth- 
ylene, octamethylene, 2-methylheptamethylene, 5-methylheptamethylene, 2-ethyihexamethyiene, 2-ethyl-3-methyl- 
pentamethylone, 3-ethyl-2-methylpentamethylene, nonamethylene, 2-methyloctamethylene, 7-methyloctamethylene, 
4-ethylheptamethylene, 3*ethyl-2^methylhexamethylene, 2-ethyl-1-methylhexamethylene or decamethylene group, 
and is preferably a Cj-Cq alkylene group, more preferably a CyC 5 alkylene group, still more preferably an ethylene, 
trimethylene, or tetramethylene group, and most preferably an ethylene or trimethylene group. 
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[0041] The M QrC 10 alkylene moiety which contains an oxygon atom or a sylfur atom in the carbon chain or at the 
end of the ear&on ehain" of the -'CrCio alkylene group whieh has an oxygen atom qf a sulfur atem in said carbon chain 
or at the end of said carbon chain" or the "C^Cip alkylene group substituted with from 1 to 3 substituents selected 
from the group consisting of Substituent group (aj and Substituent group (b) which has an oxygen atom or a sulfur 

3 atom In said carbon chain or at the end of said carton chain" In the definition of Z represents a H C 1 -C 10 alkylene group" 
described above which contains an oxygen atom or a sulfur atom in the carbon chain or at the end of the carbon chain, 
and can be, for example, a -0-CH r , -0-(CH 2 ) ? «, -0-(CH 2 ) 3 -, -0-(CH 2 ) 4 -, -0-(CH 2 ) 5 -, -0-(CH 2 ) 6 -, -0-(CH 2 ) r , 
-0(CH 2 ) Q - p -0-(CH 2 ) 9 -, -O-(CH 2 ) 10 -, -ChVO-CH 2 -, -CH^O^CH^-, -CH 2 -0-(CH 2 ) 3 -, -CH r O-(CH 2 ) 4 -, -(CH 2 ) r 
0*0%, -(CH 2 ) 2 -Q-(CH2) 2 -, -(CH 2 ) 2 -0-(CH $ ) 3 -, -(CH 2 ) 2 -0-(CH 2 ) 4 -, ^(CH 2 ) 3 -0-CH 2 », -(CH 2 ) 3 -0-(CH 2 ) r , -(CH 2 ) 3 - 

10 0-(CH 2 ) 3 -, -(CH 2 ) 4 -0-CH 2 -, - (CH 2 ) 4 -0-(CH 2 ) 2 -, -(CH 2 ) 5 -0-CH 2 -, -CH 2 -0-, -(CH 2 ) 2 -0-, -(CH 2 ) 3 -CK - (CH 2 ) 4 -Q-, 
^(CH 2 ) 5 -0-, -(CH 2 ) 6 -0-, -(CH 2 ) r O-, -(CH 2 ) 8 -0-, -(CH 2 ) 9 -0-, -(CH 2 ) 10 -O-, -S-CH 2 -, -S-(CH 2 ) 2 -, -S-(CH 2 ) 3 -, -S-(CH 2 ) 4 -, 
-S-(CH 2 ) 5 -, -S-(CH 2 ) 6 -, -S-(CH 2 ) r , -S-(CH 2 ) r , -S-(QH 2 ) 9 -, -S-(CH 2 ) 10 -, ,CH 2 -S-CH 3 -, -CH 2 -S-(CH 2 ) 2 -, -CH 2 - 
S-(CH 8 ) 3 -, -CH 2 -S^(CH 2 ) 4 -, .(CH 2 ) r S-CH 2 ., ^(CH 2 ) r S-(CH 2 ) r , -(CH 2 ) 2 -S-(CH 2 ) r , -(CH 2 ) r SHCH 2 ) 4 ., -(CH 2 ) 3 - 
S-CH r , *(CH 2 ) 3 -S-(CH 2 ) 2 -, -(CH 2 ) 3 -S-(CH 2 ) 3 -, -(CH 2 ) 4 -S-CH 2 - t -(CH 2 ) 4 -S^(CH 2 ) r , -(CH 2 ) 5 *S-CH 2 -, -CHrS-, ^(CH 2 ) r 

19 S-, -(CH 2 ) 3 -S-, -(CH 2 ) 4 -S-, -(CH 2 )5-$-, -(CH a ) e -S- t -(CH 2 ) 7 -S-, -(CH 2 ) 8 ^S- t -(CH 2 ) 9 -S-, or -(CH 2 ) 1cr S- group, and is 
preferably a C^-Cg alkylene group which contains an oxygen atom in the carbon chain or at the end of the carbon 
chain, more preferably a -0-CH 2 -, -0-(eH 2 ) 2 -, -CHCHg)^ -CH 2 -0,, -(CH 2 ) 2 -Q-, or <-(CH 2 ) 3 «0- group, and most pref- 
erably a -CHg-Q- or -(CH 2 ) 2 -0- group. 

[0042J The C 3 -C 1Q cycloalkyl moiety of the (, C 3 -C 10 cycloalky! group", the "C 3 -C 10 cycloalkyl group substituted with 

20 from 1 to 3 substituents selected from Substituent group (a)", or the "C 3 -C 10 cycloalkyl group substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b)" In the definition 
of R 5 or Substituent group (b), may optionally be fused with other cyclic groups, and can be, for example, a group such 
as a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, adamantyl, or indanyl group, and is pref- 
erably a C 5 ~C 6 cycloalkyl group, and most preferably a cyclohexyl group. 

25 [0043] The 5- to 7-membered heterocyclic moiety containing from 1 to 3 heteroatoms selected from the group con- 
sisting of a sulfur atom, an oxygen atom, and a nitrogen atom in the "5- to 7-membered heterocyclic group containing 
from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom", 
the "5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a 
sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 

3p substituents selected from Substituent group (a)", or the "5- to 7-membered heterocyclic group containing from 1 to 3 
heteroatoms selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom In which said 
heterocyclic group is substituted with from 1 to 3 substituents selected from the group consisting of Substituent group 
(a) and Substituent group (b)" in the definition of R 5 or substituent group (b) can bo, for example, a 5- to 7-membered 
aromatic heterocyclic or partially or fully hydrogenated saturated heterocyclic group containing from 1 to 3 heteroatoms 

35 selected from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom. 

[0044] The heterocyclic group can be a furyl, thienyl, pyrrolyl, azepinyl, pyrazolyl, imidazoiyl, oxazolyl, isoxazolyl, 
thiazolyl, isothiazolyl, 1 ,2,3-oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, tetrahydropyranyl, morpholinyi, thiomorpholinyl, pyrrolidinyl, pyrrolinyi, imidazolidinyl, pyrazolidinyl, piperid- 
inyl, piperadinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, or pyrazolidinyl group, and is preferably a 5- or 6-membered 

40 aromatic heterocyclic group, more preferably a furyl, thienyl, or pyrrolyl group, still more preferably a furyl or thienyl 
group, and most preferably a thienyl group. 

[0045] The "aromatic heterocyclic group" described above may optionally be fused with other cyclic groups, and can 
be, for example, a benzothienyi, Isebenzofuranyl, chromenyl, xanthenyl, phenoxathiinyl, indoHzinyl, i$oindolyl, indolyl, 
indazolyl, purlnyl, quinolizinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridlnyi, quinoxallnyl, quinazolinyl, carbazolyi, 
45 carbolinyl, acridinyl, or isoindollnyl group, and is preferably a benzothienyi group. 

[0046] The "halogen atom" in the definition of Substituent group (a) can be a fluorine, chlorine, bromine or iodine 
atom, of which a fluorine or chlorine atom is preferred. 

[0047] The "lower alkyl group" in the definition of R 1 , R 2 , R 3 , R 4 , or Substituent group (a) can be, for example, a 
straight or branched chain alkyl group having from 1 to 6 carbon atoms. Said lower alkyl group can be, for example, a 

so methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, tert-butyl, pentyl, isopentyl, 2-methylbutyl, neopentyl, 1 -ethyl- 
propyl, hexyl, isohexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3,3-dimethylbutyL 2,2-dimeth- 
ylbutyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1 ,3-dimethylbutyl, 2,3-dimethylbutyl, 1-ethylbutyl or 2-ethylbutyl group, 
and is preferably a C r C 4 alkyl group, more preferably a C r C 2 alkyl group, and most preferably a methyl group. 
[0048] The "halogeno lower alkyl group" in the definition qf Substituent group (a) is a group wherein said "lower alkyl 

55 group" is substituted with a halogen atom. Said halogeno lower alkyl group can be, for example, a halogeno C-j-Ce 
alkyl group such as a trifluoromethyl, trichloromethyl, dlfluoromethyl, dichloromethyl, dlbromomethyl, fluoromethyl, 
2,2,2-trifluoroethyl, 2,2,2-trichloroethyi, 2-bromoethyl, 2-chloroethyl, 2-fluoroethyl, 2-iodoethyl, 3-chloropropyl, 4-fluor- 
obutyl, 6-iodohexyl, or 2,2-dibromoethyl group, and is preferably a halogeno CyC 4 alkyl group, more preferably a 
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trjfluoromethyl, triehioromethyl, 2,2,2-trlfluoroethyi, or 2,2,2-trichloroethyl group, and most preferably a trifluoremethy! 
group. 

[0049] The "lower alkoxy groiip" in the definition of Substituent group (a) is a group wherein said "lower aikyl group" 
is bended te an oxygen atom. Said lower alkoxy group can be, for example, 3 straight qt branched chain alkoxy group 
having from 1 to 6 carbon atoms such as a methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy, tert- 
butpxy, pentoxy, Isopentoxy, 2-methylbutoxy, 1 -ethylpropoxy, 2-ethylpropoxy, neopentoxy, hexyloxy, 4*methylpentoxy, 
3-methylpentoxy, 2-methylpentoxy, 3,3-dimethylbutoxy, 2,2-dImethylbutoxy, 1,1-dimethylbutoxy, 1 ,2-dimethylbutoxy, 
1 ,3-dlmethylbijtoxy, or 2,3-dlmethylbutoxy group, and Is preferably a C r C 4 alkoxy group, more preferably a C r C 2 
alkoxy group, and most preferably a methoxy group. 

[0050] The "lower alkylthio group" in the definition of Substituent group (a) is a group wherein said "lower alkyl group" 
Is bonded to a sulfur atom. Said lower alkylthio group can be, for example, a straight or branched chain alkylthio group 
having from 1 to 6 carbon atoms such as a methylthio, ethylthio, propylthlo, isopropylthio, butylthio, isobutylthio, 
butylthio, tert-butylthio, pentylthlo, isopentylthio, ?-methyibutylthio, neppentylthip, hexylthio, 4rmethy!pentylthio, 
3-methylpentylthlo, 2*methylpentylthlo, 3,3-dlmethylbutylthlo, 2,2-dimethylbgtylthio, 1 ,1-dlmethylbutylthlo, 1 ,2-dlrnetlv 
ylbutylthio, 1 ,3-dlmethylbutylthio, or 2,3"dimethylbuty!thlo group, and Is preferably a C r C 4 alkylthio group, more pref- 
erably a O v Q 2 alkylthio group, and most preferably a methylthio group. 

[005i] The "lower alkoxycarbonyl group" In the definition of Substituent group (a) is a group wherein said "lower 
alkoxy group" is bonded to a carbonyl group. Said lower alkoxycarbonyl group can be, for example, a straight or 
branched chain alkoxycarbonyl group having from 1 to 6 carbon atoms such as a methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, isoproppxycarbonyl, butoxycarbonyl, Isobutoxycarbonyl, s-butoxycarbonyl, tert-butoxyearbonyl, 
pentoxycarbonyl, Isopentoxycarbonyl, 2-methylbytoxycarbonyl, neopentoxycarbonyl, hexyloxycarbonyl, 4-methylpen- 
toxycarbonyl, 3-methylpentoxycarbonyl, 2-methylpentoxycarbonyl, 3,3-dimethylbutoxycarbonyl, 2,2-dimethylbutpxy* 
carbonyl, 1 ,1<i|methylbutoxyearbonyl, 1 ,2-dimethylbutoxycarbonyl, 1 ,3-dimethylbutoxycarbonyl, or2,3-dfmethylbutoxr 
ycarbonyl group, and is preferably a C r C 4 alkoxycarbonyl group, more preferably a C r C 2 alkoxycarbonyl group, and 
most preferably a methoxycarbonyl group. 

[0052] The "lower aliphatic acyl group" in the definition of Substituent group (a) is a group wherein a hydrogen atom 
or a saturated or unsaturated aliphatic hydrocarbon group is bonded to a carbonyl group. Said lower aliphatic hydro- 
carbon group can be, for example, a straight or branched chain lower aliphatic acyl group having from 1 to 8 carbon 
atoms such as aformyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, hexanoyi, acryloyl, methacry- 
loyi, or crotonoyl group, and is preferably a C r C 4 lower aliphatic acyl group, more preferably an acetyl or propionyl 
group, and most preferably an acetyl group. 

[0053] The "mono lower alkylamlno group" in the definition of Substituent group (a) is a group wherein said "lower 
alkyl group" is bonded to one amino group. Said mono lower alkylamino group can be, for exampie, a mono-C.,-C 4 
alkylamino group such as a methylamino, ethylamino, propylaminp, isopropylamino, butylamino, isobutylamlno, s- 
butylamino, tert-butylamino, pentyiamino, isopentylamino, 2-methylbutylamino, neopentylamino, 1-ethylpropylamino, 
hexylamlno, Isohexylamino, 4-methylpentylamino, 3-methylpentylamino, 2-methyipentylamino, 1-methylpentylamino, 
3,3-dimethylbutylamino, 2,2-dlmethylbutylamlno, 1,1-dimethylbutylamino, 1 ,2-dimethylbutylamino, 1 ,3-dimethyl- 
butylamino, 2,3-dimethylbutyiamino, or 2-ethylbutylaminp group, and is preferably a mono-C 1 -C 4 alkylamino group, 
more preferably a mpno-C 1 -C 2 alkylamino group, and most preferably a methylamino group. 
[0054] The "dMower alkylamino group" in the definition of Substituent group (a) is a group wherein said "lower alkyl 
groyp" is bonded to two amino groups. Said dl-lower alkylamino group ean be, for example, a di-C^Cg alkylamino 
group such as a dimethylamlno, diethylamino, N-ethyl-N-methylamino p dipropylamino, dibutylamino, dipentylamlpo, or 
dihexylamino group, and Is preferably a dl-C r C 4 alkylamino group, more preferably a 6\-CyC 2 alkylamino group, and 
most preferably a dimethylamino group. 

[0055] The "lower aliphatic acylamino group" in the definition of Substituent group (a) is a group wherein said "lower 
aliphatic acyl group" Is bonded to an amino group. Said lower aliphatic acylamino group can be, for example, a straight 
or branched chain lower aliphatic acylamino group having from 1 to 7 carbon atoms such as a formyiamino, acetylamino, 
propionylamino, butyrylamlno, isobutyrylamino, valerylamlno, isovalerylamino, pivaloylamino, hexanoylamino, acry- 
loylamino, methaeryloylamino, or crotonoylamino group, and is preferably a Ci-C 4 lower aliphatic acylamino group, 
more preferably an acetylamino or propionylamino group, and most preferably an acetylamino group. 
[0056] The "lower alkylsulfonyl group" in the definition of D is a group wherein said "lower alkyl group" is bonded to 
a sulfonyl group. Said lower alkylsulfonyl group can be, for example, a straight or branched chain alkylsulfonyl group 
having from 1 to 6 carbon atoms such as a methanesulfonyl, ethanesulfonyl, propanesulfonyl, isopropanesulfonyl, 
butanesulfonyl, isobutanesulfonyl, s-butanesulfonyl,tert-butanesulfonyl, pentanesulfonyl, isopentanesulfonyl, 2-meth- 
ylbutanesulfonyl, neopentanesulfonyl, hexanesulfonyl, 4-methylpentanesulfonyl, 3-methylpentanesulfonyl, 2-methyl- 
pentanesulfonyl, 3,3-dimethylbutanesulfonyl, 2,2-dimethylbutanesulfonyl, 1,1-dlmethylbutanesulfonyl, 1 ,2-dimethylb- 
utanesulfonyl, 1 ,3-dlmethylbutanesulfonyl, or 2,3-dlmethylbutanesulfonyi group, and is preferably a CVC 4 alkylsulfonyl 
group, more preferably a C r C 2 alkylsulfonyl group, and most preferably a methanesulfonyl group. 
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[9037J The "aryleulfpnyl group" in the definition of D Is a group wherein said "aryl group" is bonded to a sulfenyi 
group. Saitf arylsulfonyl group can be, for example, an arylsulfonyl group having from S to 10 efifbon atoms sueh a@ a 
benzenesulfpnyl, p-toluenesulfonyl, o-xylene-4-sulfonyl, m-xylene-4-sulfonyl, p-xylenesulfonyl, or naphthalenesulfony! 
group, and is preferably a benzenesulfonyl group. 

[0058] The "protecting group of the amino group" in the definitions of R 1 and R 2 is a protecting group for an amino 
group which is generally used in the field of synthetic organic chemistry, and can be: 

an "aliphatic acy! group", for example, a "lower aliphatic acyl group" described above, a halogeno tower aliphatic 
aeyl group such as a ehloroaeetyl, dlohjoroaeetyl, triehlereaeetyl, or trifluoroaeetyi group, or a lower aliphatic aeyi 
group substituted with a lower alkoxy such as a methoxyacetyl group; 

an "aromatic acyl group", for example, an aromatic acyl group such as a benzoyl, 1-indanecarbpnyl,2-indanecar- 
bonyl, or 1 • or 2-naphthoyl group, or an aromatic acyl group substituted with from 1 to 3 substituents selected from 
Substituent group (a) described above such as a 4-chlorobenzoyl, 4^luorobenzoyl, 2,4,6-trimethylbenzoyi, 
4-toluoyi, 4-anisoyl, 4-nitrobenzoyl, 2-nitrpbenzoyl, 2-(methoxycarbonyl)benzoyl, or 4-phenylbenzoyl group; 
an M aikoxyparbonyl group", for example, a "lower alkoxycarbonyl group" described above, or a lower alkoxycarbonyl 
group substituted with one or more halogen atoms or one or more tri-lower alkylsllyl groups such as a 2,2,2-trichlo- 
roethoxycarbonyl or 2-trlmethylsilylethoxycarbonyl group; 

an "alkenyloxycarbonyl group" such as a vinyloxyearbonyl or allyloxycarbonyl group; 

an "aralkyloxycarbonyl group", for example, an aralkyloxycarbonyl group such as a benzylexyearbonyl group, or 
an aralkyloxycarbonyl group substituted with 1 to 3 substituents selected from Substituent group (a) described 
above such as a 4-methoxybenzyloxycarbonyl, 3,4-dlmethoxybenzyloxycarbonyl, 2-nitrobenzyloxyearbonyl, or 
4-nltrobenzyloxycarbonyl group; 

a "silyl group", for example, a tri-lower alkylsllyl group such as a trimethylsilyl, triethylsilyl, Isopropyldimethylsllyl, 
tert-butyldimethylsilyl, methyldiisopropylsilyl, methyldi(tort-butyl)silyl, or triisopropylsllyl group, or a silyl group sub- 
stituted with 3 substituents selected from aryl groups or aryl groups and lower alkyi groups such as a diphenyl- 
methylsilyl, diphenylbutylsilyl, diphenylisopropyisilyl, or phenyldiisopropylsilyl group; 

an "aralkyl group", for example, a lower alkyl group substituted with from 1 to 3 aryl groups such as a benzyl, 
phenethyl, 3-phenylpropyl, a-naphthylmethyl, p-naphthylmethyl, diphenylmethyl, triphenylmethyl, a-naphthyld- 
iphenylmethyl, or 9-anthrylmethyl group, or a lower alkyl group substituted with from 1 to 3 aryl groups, wherein 
said aryl group is substituted with a lower alkyl group, a lower alkoxy group, a nitro group, a halogen atom, or a 
cyano group, such as a 4-methylbenzyt, 2,4,6-trimethylbenzyl, 3,4,5-trimethylbenzyl, 4-methoxybenzyl, 4-meth- 
oxyphenyldlphenylmethyl, 2-nitrobenzyl, 4-nitrobenzyl, 4-chlprobenzyl, 4-bromobenzyl, 4-cyanobenzyl, 4-cy- 
anobenzyldiphenylmethyl, bis(2-nltrophenyl)methyl, or piperonyl group; or 

a "substituted methylene group forming a Schiff base" such as a N,N-dimethylaminomethylene, benzylldene, 
4-methoxybenzylidene, 4-nltrobenzylldene, salicylidene, 5-chlorosalicylldene, diphenylmethylene, or (5-chloro- 
2-hydroxyphenyl)phenylmethylene group. 

[0059] The "protecting group of the amino group" is preferably a lower aliphatic acy! group, a lower alkoxycarbonyl 
group, an aralkyloxycarbonyl group, or an aralkyloxycarbonyl group substituted with frem 1 to 3 substituents selected 
from Substituent group (a), particularly preferably an acetyl or tert-butoxycarbonyl group. 

[0060] The "protecting group of the hydroxyl group" in the definition of R 3 represents a "general protecting group in 
chemical reactions" which can be cleaved by a chemical process such as hydrogenolysis, hydrolysis, electrolysis, and 
photolysis, or a "protecting group which can be cleaved by a biological process such as hydrolysis in vivo". 
[0061] The "general protecting group in chemical reactions" can be, for example, 

an "aliphatic acyl group" described above; 

an "aromatic acyl group" described above; 

a "tetrahydropyranyl or tetrahydrothiopyranyl group" such as a tetrahydropyran-2-yl, 3-bromotetrahydropyran- 
2-yl, 4-methoxytetrahydropyran-4-yl, tetrahydrothiopyran-2*yl, or 4-methoxytetrahydrothlopyran-4-yl group; 

a "tetrahydrofuranyl or tetrahydrothiofuranyl group" such as a tetrahydrofuran-2-yl or tetrahydrothiofuran-2-yl 
group; 

a "silyl group" described above; 

an "alkoxymethyl group", for example, a lower alkoxymethyl group such as a methoxymethyl, 1 ,1-dimethyl- 
2-methoxymethyl, ethoxymethyl, propoxymethyl, isopropoxymethyl, butoxymethyl, ortert-butoxymethyl group, a lower 
alkoxylated lower alkoxymethyl group such as a 2-methoxyethoxymethyl group, or a halogeno lower alkoxymethyl 
group such as a 2,2,2-trichloroethoxymethyl or bls(2-chloroethoxy)methyl group; 

a "substituted ethyl group", for example, a lower alkoxylated ethyl group such as a 1 -ethoxyethyl or 1 -(isopropoxy) 
ethyl group, or a halogenated ethyl group such as a 2,2,2-trlchloroethyl group; 

an "aralkyl group" described above; 
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an "alkoxycarbonyl group" described above; 
an "alkenyloxyearbonyl group" described above; or 
an ''aralkyloxycarbonyl group" described above. 
[0062] On the other hand, the "protecting group which can be cleaved by a biological process such as hydrolysis in 
vivo" can be, for example, 

a "carbqnyloxyalkyl group", for example, 

an aoyloxyalkyl group such as an ethylcarbonyloxymethyl, pivaloyloxymethyl, dimethylaminoacetoxyme- 
thyl, or 1 -acetoxyethyl group; 

a 1-(alkoxycarbonyloxy)alkyi group such a 1 -(methoxycarbonyloxy) ethyl, 1*(ethoxycarbonyloxy) ethyl, 
ethoxycarbonyloxymethyi, 1 -(isopropoxyearbpnyloxy)ethyl, 1 -(t9rt-butoxyGarbonyloxy)ethyl, 1 -(ethoxycarbcnyloxy) 
propyl, or 1-(cyclohoxyloxycarbonyloxy)ethyl group; 
a phthalidyl group; or 

an oxodioxolenylmethyl group such as a 4-methyloxodioxo!enylmethyl, 4-phenyl-oxodioxolenylmethyl, or 
oxodioxolenylmethyl group; 

an "aliphatic acyl group" described above; 

an "aromatic acyl group" described above; 

a "residual group of a succinic acid half-ester"; 

a "residual group of a phosphoric acid ester"; 

a "residual group forming an amino acid ester or the like"; 

a carbamoyl group; 

a "protecting group of two hydroxyl groups", for example, an aralkylidene group such as a benzylidene group, 
an alkoxyethylldene group such as a methoxyethylidene or ethoxyethylidene group, an oxomethylene group, or a 
thioxomethylene group; or 

a "carbonyloxyalkyloxycarbonyl group" such as a pivaloyloxymethyloxycarbonyl group. 
[0063] The suitability of such a derivative can be determined by administering it to an experimental animal such as 
a rat or a mouse by an intravenous injection, measuring a body fluid of the animal thereafter and detecting the original 
compound or a pharmacologically acceptable salt thereof. 

[0064] The "protecting group of the hydroxyl group" is preferably a lower aliphatic acyl group, an aromatic acyl group, 
an aromatic acyl group substituted with from 1 to 3 substituents selected from Substituent group (a), or a silyl group, 
particularly preferably an acetyl group or a tert-butyldimethylsilyl group. 

[0065] The "protecting group of phosphoric acid" in the definition of R 10 or R 11 can be, for example, 
a lower alkyl group such as a methyl, ethyl, isopropyl, or butyl group, 

a lower alkyl group substituted with one or more cyano groups such as a 2-cyanoethyl or 2-cyano- 
1 , 1 -dimethylethyl group, 

a lower alkyl group substituted with one or more silyl groups wherein said silyl group is substituted with 3 
substituents selected from the group consisting of lower alkyl groups or aryl groups and lower alky! groups such as a 
2-(methyldiphenylsilyl)ethyl or 2-trimethylsllylethyI group, 

a lower alkyl group substituted with one or more heterocyclyl groups such as a 2-(2'-pyridyl)ethyl or 2-(4'- 
pyridyl)ethyl group, 

a lower alkyl group substituted with one or more arylthio groups such as a 2-phenylthioethyl, 2-(4'-nitroph- 
enylthio)ethyl, or 2-(4'-triphenyimethy|phenylthio)ethyl group, 

a lower alkyl group substituted with one or more alkylsulfonyl groups, arylsulfonyl groups, or arylalkylsulfonyl 
groups such as a 2-(tertbutylsulfonyl)ethyl, 2-(phenylsulfonyl)ethyl, or 2-(benzylsulfonyl)ethyl group, or 

a halogeno lower alkyl group such as a 2,2,2-trichloroethyl, 2,2,2-trichloroethyM ,1 -dimethylethyl, 2,2,2-tri- 
bromoethyl, 2,3-dibromopropyl, or 2,2,2-trifluoroethyl group; 
an aralkyl group, for example, 

a lower alkyl group substituted with from 1 to 3 aryl groups, such as a benzyl, phenethyl, 3-phenylpropyl, 
ct-naphthylmethyl, p-naphthylmethyl, diphenylmethyl, triphenylmethyl, a-naphthyldiphenylmethyl, or 9-anthrylmethyl 
group, 

a lower alkyl group substituted with one or more aryl groups wherein said aryl moiety is substituted with 
one or more nitro groups, halogen atoms, or lower aliphatic acyl groups, such as an o-nitrobenzyl, 4-nitrobenzyl, 2,4-din- 
itrobenzyl, 4-chlorobenzyl, 4-chloro-2-nitrobenzyl, or 4-acyloxybenzyl group, 

a lower alkyl group substituted with one or more aryl groups having one or more substituents such as a 
2-nitrophenylethyl group, or 

a lower alkyl group substituted with one or more fluorenyl groups such as a 9-fluorenylmethyl group; 
a lower alkenyl group such as an allyl or propenyl group; 

a lower alkenyl group substituted with one or more cyano groups such as a 4-cyano-2-butenyl group; 
an aryl group such as a phenyl group; 
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an aryl group substituted with one or more substituents selected from the group consisting of a lower alkyl group, 
a lower alkyl group substituted with 3 aryl groups, a lower alkoxy group, a nitre group, and a halogen atom, suqh as a 
2-methylphenyl, 2,6-dimethylphenyl, 2-chlorophenyl, 4-chlorophenyl ( 2,4-dichlorophenyl, 2,5-dichlorophenyl, 
2,9-dichlorophenyl, 2-bromophenyl, 4-nitrophenyl, 3,5-dinltrophenyl, 4-chloro-2-nitrophenyl t or2-methoxy-5«nltrophe- 
nyl group; or 

an amide such as an anilidate, 4-triphenylmethylanilldate, [N-(2-trityloxy)ethyi]anilidate, p-(N,N-dimethylamino) 
anilidate, or 3-(N,N-diethylaminomethyl)anllidate. 

[0066] The "protecting group of phosphoric acid" is preferably a lower alkyl group, a lower alkenyl group, or a methyl 
group substituted with from 1 to 3 substituents selected from the group consisting of a phenyl group and a naphthyl 
group, more preferably a methyl group, an ethyl group, an allyl group, or a benzyl group, and most preferably a methyl 
group or an ethyl group. 

[0067] The U C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the group consisting of 
Substituent group (a) and Substituent group (b)" in the definition of R 5 can be, for example, a 2*f!uoroeyclopropyl, 

2- chlorocyclopropyl, 2- or 3-fluorocyclopentyl, 2- or 3-chlorocyclopentyl, 2-,3- or 4-fluorocyclohexyl, 2-, 3- or 4-chloro- 
cyclohexyl, 2-,3- or 4-bromocyclohexyl, 2-, 3- or 4-iodocyelohexyl, 2-methylcyclopropyl, 2-ethylcyclopropyl, 2- or 

3- methylcyclopentyl, 2- or 3-ethylcyclopentyl, 2^,3- or 4-methylcyclohexyl, 2-,3- or 4-ethylcyclohexyl, 2-trifluorometh- 
ylcyclopropyl, 2- or 3-trifluoromethylcyclobutyl, 2- or 3-trifluorpmethylcyclopentyl, 2-,3- or 4-trifluoromethylcyclohexyl, 

2- methoxycyclopropyl, 2- or 3-methoxycyclobutyl, 2- or 3-methoxycyclopentyl, 2-, 3- or 4-methoxycyclohexyl, 2-, 3- or 

4- ethoxycyclohexyl, 2-, 3- or 4-propoxycyclohexyl, 2-, 3- or 4-isopropoxycyclohexyl, 2-, 3- or 4-(1-ethylpropoxy)cy- 
clohexyl, 2-, 3- or 4-(2-ethylpropoxy)cyclohexyl, 2-carboxycyclopropyl, 2- or 3-carboxycyelopentyl, 2-,3- or 4-carbox- 
ycycfohexyl, 2-methoxycarbonylcyclopropyl, 2- or 3-methoxycarbonylcyclopentyl, 2-,3- or 4-methoxycarbonylcy- 
clohexyl, 2-hydroxycyclopropyl, 2-or 3-hydroxycyclopentyl, 2- ,3- or 4-hydroxycyclohexyl, g-formylcyclopropyl, 2- or 

3- formylcyclopentyl, 2-,3- or 4-formylcyclohexyl, 2-acetylcyclopropyl, 2- or 3-acetylcyclopentyl, 2-,3- or 4-acetylcy- 
clohexyl, 2-aminocyclopropyl, 2- or 3-amlnocyclopentyl, 2-,3- or 4-aminocyclohexyl, 2-methylaminoeyclopropyl, 2- or 
3-methylaminocyclobutyl, 2- or 3-methylaminocyclopentyl, 2-,3-or 4-methylaminocyclohexyl, 2-dimethylaminocyclo- 
propyl, 2- or3-dimethylaminocyclqbutyl, 2- or 3-dimethylaminocyciopentyl, 2-,3- or 4-dlmethylaminocyclohexyl, 2-cy- 
anocyclopropyl, 2- or 3-cyanocyclopentyl, 2-,3- or 4-cyanocyclohexyl, 2- or 3-cyclohexylcyclopentyl, 2-, 3- or 4-cy- 
clohexylcyclohexyl, 2-phenylcyclopropyl, 2- or 3-phenylcyclopentyl, 2-, 3- or 4-phenylcyclohexyl, 3,4-difluorocy- 
clohexyi, 3,4-dichlorocyclohexyl, 2,3-dimethoxycyclohexyl, 3,4-dimethoxycyclohexyl, 3,5-dimethoxycyclohexyl, or 
3,4,5-trimethoxycyclohexyl group, and is preferably a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents 
(said substituent(s) being selected from the group consisting of halogen atoms, lower alkyl groups, halogeno lower 
alkyl groups, lower alkoxy groups, lower alkylthio groups, and lower aliphatic acyl groups), more preferably a C 3 -C 10 
cycloalkyl group substituted with from 1 to 3 substituents (said substituent(s) being selected from the group consisting 
of halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower alkoxy groups, and lower aliphatic acyl 
groups), still more preferably a C 3 -C 10 cyclohexyl group substituted with from 1 to 3 substituents (said substituent(s) 
being selected from the group consisting of halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower 
alkoxy groups, and lower aliphatic acyl groups), and most preferably a cyclohexyl group substituted with one substituent 
(said substituent is selected from the group consisting of a fluorine atom, a chlorine atom, methyl, trifluoromethyt, 
methoxy and acetyl groups). 

[0068] The "C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from the group consisting of Sub- 
stituent group (a) and Substituent group (b) n in the definition of RS can be, for example, a 2-, 3- or 4-fluorophenyl, 2-, 
3- or4-chlorophenyl, 2-,3- or4-bromophenyl, 2-,3- or4-iodophenyl, 2- ,3- or4-methylphenyl, 2-,3- or4-ethylphenyl, 2-, 
3- or4-propy|phenyl, 2-, 3- or4-butylphenyl, 2-,3- or 4-pentyiphenyl, 2-,3- or 4-trifluoromethylphenyl, 2-, 3- or 4-meth- 
oxyphenyl, 2-, 3- or 4-ethoxyphenyl, 2-, 3- or 4-propoxyphenyl, 2-, 3- or 4-isopropoxyphenyl, 2-, 3- or 4-butoxyphenyl, 
2-, 3- or 4-(1-ethylpropoxy) phenyl, 2-, 3- or 4-(2-ethylpropoxy)phenyl, 2-,3-or 4-methylthiophenyl, 2-,3- or4-ethylthl- 
ophenyl, 2-,3- or 4-carboxyphenyl, 2-,3- or 4-methoxycarbonylphenyl, 2-,3- or 4-ethoxycarbonylphenyl, 2-,3- or 4-hy- 
droxyphenyl, 2-,3- or 4-formylphenyl, 2-,3- or 4-acetylphenyl, 2-,3- or 4-aminophenyl, 2- ,3- or 4-methylaminophenyl, 

2- ,3- or4-dimethylaminophenyi, 2-,3- or 4-cyanophenyl, 2-,3- or 4-cyclopentylphenyl, 2-,3- or 4-cyclohexylphenyl, 2-, 

3- or 4-biphenyl, 2,4-difluorophenyl, 3,4-difluorophenyl, 3,5-dlfluorophenyl, 2,4-dichiorophenyl, 3,4-dichlorophenyl, 
3,5-dichlorophenyl, 3,4-dibromophenyl, 2,3-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2,3-dimethoxy- 
phenyl, 3,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 3,4,5-trimethoxyphenyl, 3-fluoro-4-methoxyphenyl, 4-methyl- 

2- methoxyphenyl, 6-fluoro-4-methyl-2-methoxyphenyl, 5-fluoroinden-3-yl, 5-methylinden-3-yl, 5-methoxyinden-3-yl, 

5- fiuorolnden-2-yl, 5-chloroinden-2-yl, 5-methylinden-2-yl, 5-methoxyinden-2-yl, 5-hydroxyinden-3-yl, 5-nitroinden- 

3- yl, 5-cyelohexylinden-3-yl, 5-phenylinden-3-yl, 5-phenoxyinden-3-yl, 5-benzyloxyinden-3-yl, 5-phenylthioinden-3-yl, 
5-hydroxyinden-2-yl, 5-nitrolnden-2-yl, 5-cyclohexyllnden-2-yl, 5-phenylinden-2-yl, 5-fluoronaphthalen-2-yl, 5-methyl- 
naphthalen-2-yl, 5-methoxynaphthalen-2-yl, 5-fluoronaphthalen-1-yl, 5-methylnaphthalen-1-yl, 5-methoxynaphthalen- 
1-yl, 5-hydroxynaphthalen-2-yl p 5-nitronaphthalen-2-yl, 5-cyclohexylnaphthalen-2-yl, 5-phenylnaphthalen-2-yl, 5-phe- 
noxynaphthaien-2-yl, 5-benzyloxynaphthalen-2-yl, 5-phenylthlonaphthalen-2-yl, 5-hydroxynaphthalen-1-yl, 5-nitro- 
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naphthalen-1 -yl, 5-eyclohexylnsphthalen-1 =yl, or 5-phenylnaphthalen-1 -yl group, and is preferably a C 6 -C 10 aryi group 
substituted with from 1 to 3 substituents (said substituent(s) being selected from the group consisting of halogen atoms, 
lower alkyl groups, halogeno lower alkyl groups, lower alkoxy groups, a lower alkylthio groups, and lower aliphatic acyl 
groups) , more preferably a C 6 -C 10 aryl group substituted with from 1 to 3 substituents (said sgbstituent(s) being se* 

s lected from the group consisting of halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower alkoxy 
groups, and lower aliphatic acyl groups), still more preferably a phenyl group substituted with from 1 to 3 substituents 
(said substituent(s) being selected from the group consisting of halogen atoms, lower alkyl groups, halogeno lower 
alkyl groups, lower alkoxy groups, and lower aliphatic acyl groups), particularly preferably a phenyl group substituted 
with 1 or 2 substituents (said substituent(s) being selected from the group consisting of fluorine atoms, chlorine atoms, 

10 methyl, trifluoromethyl, methoxy and acetyl groups; but, in the case of methoxy group, a phenyl group substituted with 
from 1 to 3 methoxy groups is preferred), and most preferably a 3-fiuorophenyl, 4-fluorophenyl, 3,4-dlfluorophenyl, 
3,5-difluorophenyl, 3-chlprophenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 3,5-dichlprophenyl, 3-methylphenyl, 4-methyl- 
phenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 3-trifluoromethylphenyl, 4-trlfluoromethylphenyl, 3,4-ditrifluorometr> 
ylphenyl, 3,5-ditrifiuoromethylphenyl, 3-mothoxyphenyl, 4-methoxyphenyl, 3,4-dlmethoxyphenyl, 3,5-dlmethoxyphe- 

1$ nyl, 3,4,5-trimethoxyphenyl, 3-acetylphenyl, or 4-acetylphonyl group, 

[0069] The "5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group con- 
sisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 
1 to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b)" in the definition 
of R 5 can be, for example, a 3-,4- or 5«methylfuran-2-yl, 2-,4- or S-methylfuran-3-yl, 3-,4- or S-fluorothiophen-2-yl, 2-, 

20 4- or 5-fluorofuran-3-yl, 3-,4- or 5-bromothiophen-2-yl, 2-,4- or 5-bromofuran-3-yl, 3-,4- or 5-rnethylthiophen-2-yl, 2-, 
4- or 5-methylthiophen-3-yl, 3-,4- or 5-ethylthiophen-2-yl, 2-,4- or 5-ethylthiophen-3-yl, 3-,4- or 5-methoxythiophen- 

2- yl, 2-,4-or 5-methoxythlophen-3-yl, 3- or 4-methylthlazpl-5-y|, 3-,4-or 5-fluorobenzothlophen-2-yl, 3-,4- or 5-bro- 
mobenzothiophen-2-yl, 3-,4- or 5-methylbenzothiophen-2-yl, 3-,4- or 5-methoxybenzothiophen-2-yl, 2-,4- or 5-fluor- 
obenzothiophen-3-yl, 2-,4- or 5-bromobenzothiophen-3-yl, 2-, 4- or 5-methylbenzothiophen-3-yl, 2-,4- or5-meihoxy- 

25 benzothiophen-3-yl, 4-,5-,6- or 7-methylbenzothiophen-2-yi, 3-,4- or 5-hydroxyfuran-2-yl, 2-,4- or 5-hydroxyfuran-3-yl, 

3- ,4- or 5-hydroxythiophen-2-yl, 3-,4- or 5-nitrothipphen-2-yl, 3-,4- or 5-phenylthiophen-2-yl, 2-,4- or 5-hydroxythi- 
ophen-3-yl, 2-,4-pr 5-cyanothiophen-3-yl ( 1-,2- or 3-hydroxypyrldin-4-yl, 1r,2-or 3-cyanopyridin-4-yl ( or 1-,2- or3-phe- 
nylpyridin-4-yl group, and is preferably a 3-,4- or 5-fluorothiophen-2-yl or 2-,4- or 5-fluorofuran-3-yl group ; 

[0070] The "pharmacologically acceptable salt thereof" means a salt which , when the compounds of general formula 

30 (J). CO. or (III) of the present invention have a basic group such as an amino group, can be prepared by reacting the 
compounds with an acid, and when the compounds of general formula (I), (II), or (III) of the present invention have an 
acidic group such as a carboxyl group or a phosphate group, can be prepared by reacting the compounds with a base. 
[0071] The salt, when the compounds of general formula (I), (II), or (III) have a basic group, can be an inorganic acid 
salt, for example, a hydrohalide such as hydrofluoride, hydrochloride, hydrobromide, or hydroiodide, a nitrate, a per- 

35 chlorate, a sulfate, a phosphate or the like; an organic acid salt, for example, a lower alkanesuifonate such as meth- 
anesulfonate, trlfluoromethanesulfonate, or ethanesulfonate, an arylsulfonate such as benzenesulfonate or p-tolue- 
nesulfonate, an acetate, a malate, a fumarate, a succinate, a citrate, an ascorbate, a tartrate, an oxalate, a maleate, 
or the like; or an amino acid salt such as glycine salt, lysine salt, arginine salt, ornithine salt, glutamic acid salt, or 
aspartic acid salt. The salt Is preferably an organic acid salt (particularly fumarate, oxalate or maleate) or a hydrohalide 

40 (particularly hydrochloride). 

[0072] The salt, when the compounds of general formula (I), (II), or (III) have an acidic group, can be a metal salt, 
for example, an alkali metal salt such as sodium salt, potassium salt, or lithium salt, an alkaline earth metal salt such 
as calcium salt or magnesium salt, an aluminum salt, an iron salt, or the like; an amine salt, for example, an Inorganic 
amine salt such as ammonium salt, an organic amine salt such as t-octylamine salt, dlbenzylamine salt, morpholine 

^5 salt, glucosamine salt, phenylglycine alkyl ester salt, ethylenedlamine salt, N-methylglucamine salt, guanidine salt, 
dlethylamine salt, triethylamine salt, dicyclohexylamine salt, N.N'-dibenzylethylenedlamine salt, chloroprocaine salt, 
procaine salt, dlethanolamine salt, N-benzylphenethylamine salt, piperazine salt, tetramethylammonium salt, tris(hy- 
droxymethyljaminomethane salt, or the like; or an amino acid salt such as glycine salt, lysine salt, arginine salt, ornithine 
salt, glutamic acid salt, or aspartic acid salt. The salt preferably Is an alkali metal salt (particularly sodium salt). 

so [0073] When the compounds of general formula (I), (II), or (III), pharmacologically acceptable salts thereof, or phar- 
macologically acceptable esters thereof of the present invention are allowed to stand In contact with the atmosphere 
or to recrystallize, they may absorb water or water may attach to them to form a hydrate. The present invention en- 
compasses such hydrates. 

[0074] The compounds of general formula (I), (II), or (III), pharmacologically acceptable salts, or pharmacologically 
59 acceptable esters thereof of the present invention have one or more asymmetric carbon atoms In their structures, and 
can exist as optical isomers due to such asymmetric carbon atoms. In the present invention, a single optical isomer 
and mixtures of optical isomers are represented as a single chemical formula (I), (II), or (III) individually. The present 
invention encompasses both individual optical isomers and mixtures thereof in any ratio. 
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[0075] The preferred compounds of general formula (I), (II), or (III) of the present invention have a group of formula 
-NR 1 R 2 attached to an asymmetric carbon atom and the absolute configuration at this asymmetric carbon atom is the 
R configuration. 

[0076] The "ester thereof" described above indicates an ester of compounds of general formula (I), (II), or (III) of the 
present Invention which have a group capable of being esterified. The ester can be an "ester of a hydroxyl group' 1 or 
an "ester of a carboxyl group". Each ester residual group belongs to a "general protecting group in chemical reactions" 
or a "protecting group which can be cleaved by a biological process such as hydrolysis in vivo' 1 . 
[0077] The "general protecting group in chemical reactions" is a protecting group which can be cleaved by a chemical 
process such as hydrogenolysis, hydrolysis, electrolysis, and photolysis. 

[0078] The "general protecting group in chemical reactions" and the "protecting group which can be cleaved by a 
biological process such as hydrolysis In vivo" related to the "ester of a hydroxyl group" have the same meanings as 
those described above for the "protecting group of the hydroxyl group". 

[0079] The "general protecting group in chemical reactions" related to the "e?ter of a carboxyl group" Is preferably 
a "lower alkyl group" described above; a lower alkenyl group euph as ethenyl, 1-propenyl, 2-propenyl, 1-methyl-2*pro- 
penyl, 1 -methyl- "Upropeny 1, 2-methyM-propenyl, 2-methyl-2Tpropenyi, 2-ethyl-2-propenyl, 1-butenyl, 2-butenyl, 1-me- 
thyl-2-butenyl, 1-methy!-1-butenyl, 3-methy!-2*butenyl, 1-ethyl-2-butenyl, 3-butenyl, 1-methyl*3-butenyl, 2-methyl- 
3-butonyl, 1-ethyl-3-butenyl, 1-pentenyl, 2-penteny!, 1-methyl-2-pentenyJ, 2-rnethyl-2-pentenyl, 3-pentenyl, 1-methyl- 
3-pentenyl, 2*methy|-3-pentenyl, 4-pentenyl r l-methyl-4-pentenyl, 2-methyl^pentenyl, 1-hexenyl, 2-hexenyl, 3-hex- 
enyl, 4^-hexenyl, or 5-hexenyl; a lower alkynyl group such as ethynyl, 2-propynyl, 1 -methyl-2-propynyl, 2-methyl-2-pr0" 
pynyl, 2-ethy!-2-propynyl, 2-butynyl, 1-methyl-2-butynyl, 2-methyl-2-butynyl J 1-ethyl?2-butynyl, 3-butynyl, 1-mothyl- 

3- butynyl, 2-methyl-3-butynyl, 1-ethyl-3-butynyl, 2-pentynyl, 1-methyl-2-pentynyl, 2-methyi-2-pentynyl f 3^-pentynyl, 
1 -methyl-3-pentynyl, 2-methyl-3-pentynyl, 4-pentynyl, 1 -methyl-4-pentynyl, 2-methyl-4-pentynyl, 2-hexynyl, 3-hexyny!, 

4- hexynyl, or 5-hexynyl; a "halogeno lower alkyl group" described above; a hydroxy "lower alkyl group" such as 2-hy- 
droxyethyl, 2,3-dihydroxypropyl, 3-hydroxypropyl, 3,4-dihydroxybutyl, or4-hydroxybutyl; a "lower aliphatic acyl"-"lower 
alkyl group" such as acetylmethyl; an "aralkyl group" described above; or a "silyl group" described above. 

[0080] The "protecting group which can be cleaved by a biological process such as hydrolysis in vivo" related to the 
"ester of a carboxyl group" is preferably an "alkoxyaikyl group" such as a lower alkoxy lower alkyl group, e.g., meth- 
oxyethyl, 1 -ethoxyethyl, 1~methyl-1-methoxyethyl, 1-(isopropoxy)ethyl, 2-methoxyethyl, 2-ethoxy ethyl, 1 ,1-dimethyl- 
1-methoxyethyl, ethoxymethyl, n-propoxymethyl, isopropoxymethyl, n-butoxymethyl, ort-butoxymethyl, a lower alkox- 
ylated lower alkoxy lower alkyl group, e.g., 2-methoxyethoxymethyl, an "aryP'oxy "lower alkyl group", e.g., phenoxyme- 
thyl, or a halogenated lower alkoxy lower alkyl group, e.g., 2,2,2-trichloroethoxymethyl or bis(2-chloroethoxy)methyl; 
a "lower alkoxy"carbonyl"lower alkyl group" such as methoxycarbonylmethyl; a cyano "lower alkyl group" such as cy- 
anomethyl or 2-cyanoethyl; a "lower alkyi" thiomethyl group such as methylthiomethyl or ethylthiomethyl; an "aryl" 
thiomethyi group such as phenylthiomethyl or naphthylthlomethyl; a "lower alkyl" sulfonyl "lower alkyl group" which 
may be substituted with one or more halogen atoms such as 2-methanesulfonylethyl or 2-trifluoromethanesulfonylethyl; 
an "aryl" sulfonyl "lower alkyl group" such as 2-benzenesulfqnylethyl or 2-toluenesulfonylethyl; a 1-(acyloxy)"!ower 
alkyl group" described above; a "phthalidyl group" described above; an "aryl group" described above; a "lower alkyl 
group" described above; a "cartooxyalkyl group" such as carboxymethyl; or an "amide forming residual group of an 
amino acid" such as phenylalanine. 

[0081] The more preferred "general protecting group in chemical reactions" and "protecting group which can be 
cleaved by a biological process such as hydrolysis in vivo" related to the "ester of a carboxyl group" described above 
is a lower aikyl or aralkyl group. 

[0082] "Immunosuppressants", which are an active ingredient of pharmaceutical compositions of the present inven- 
tion, are agents preventing or inhibiting the progression of Immune responses as well as compounds with immunosup- 
pressive activity, and are classified into the following groups on the basis of mechanism of action: 

(1) agents which have the action of inhibiting intracellular signal transduction involved In cytokine expression of 
T-cells, include those blocking cytokine production as well as those preventing cytokine signaling from acting on immune 
cells by inhibiting the Intracellular signal transduction. Such agents, which have the action of inhibiting the intracellular 
signal transduction Involved in cytokine expression of T-cells, include, for example, 

S7481/F-1 or a pharmacologically acceptable salt thereof disclosed in the specification of U.S. Patent Number 
4,117,118 [preferably cyclosporin A, of which the chemical name is cyclo[3-hydroxy-4-methyl-2-(methylam 
tenoyl]-2-aminobutyiyl-methylglycyl-methyl-leucyl-valyl-methyl-leucyl-a!anyl-alanyi-methyl-leucyl-methyl-leu 
thyl-valyl.], 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 184,162 {preferably tacrolimus, of which the chemical name is 17-allyl-1 ,14-dihy- 
droxy-1 2-[2-(4-hydroxy-3-methoxycyclohexyl)-1 -methylvinyl]-23,25-dimethoxy-1 3, 1 9,21 ,27-tetramethyl-1 1 ,28-dioxa- 
4-azatricyclo[22.3.1.0 4 . 9 ]octacos-18-ene-2,3,10,16-tetrone.}, 

rapamycln disclosed in the specification of U.S. Patent Number 3,929,992 [of which the chemical name Is 
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9,10,12,13^4,21,22,23,24,25,26,27,32,33,34,348^6X3^^ 
clohexylH.methylethyl]-10,21<iimethexy^^ 
clohontriacontine-1, 5, 11, 28, 29 (4H, 8H, 31H)-pentone.], 

a compound having the general formula (II) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 94,832 (Japanese Patent Publication (Kokal) Number Sho 58-62152) [preferably 
gusperimus, of which the chemical name is N-(4-(3-aminopropyl)amlnobutyl]carbamoylhydroxymethyl-7-guanidino* 
heptanamide, and in the present invention gusperimus includes a pharmacologically acceptable salt (^hydrochloride) 
thereof.), 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of U.S. Patent Number 5,912,253 {preferably everolimus, of which the ehemical name is 
9,10,12,13,14,21 ,22,23,24,25,26,27,32,33,34,348-hexadecahyd^ 

cyclohexylH-methylethyl]-1Q,21-dlmeto^ ,4]a2acy- 
clohentriacontlne-1,5 l 11,28 l 29(4H l 6H,31H)-pentone.}, 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 600,782 {preferably tresperlmus, of which the chemical name is 2-[4-(3-aminopro- 
pylamino)butyl]aminocarbonyloxy-N-[6-(aminoiminomethyl)aminohexyl]acetamide, and in the present Invention tres- 
perimus includes a pharmacologically acceptable salt thereof.}, 

LF15-01 95 disclosed in Int. J. immunopharmacol., vol. 21 (5), 349-358(1 999) (anisperimus, of which the chemical 
name is [(6-guenidinohexyl)carbamoyl]methyl[4-(3-aminobutyl)aminobutyl]carbamate.}, 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 626,385 (Japanese Patent Number 3076724 or U.S. Patent Number 5,493,019) 
{preferably SDZ-281-240, of which the chemical name is ^-othyM.M-dlhydroxy-^^p-tA-hydroxy-S-methoxycy* 
clohexyl)-1-methylvinyl]-23,25^ 

18-ene-2,3,10,16-tetrone, and in the present invention SDZ-281-240 includes a pharmacologically acceptable salt 
thereof,}, 

a compound having the general formula (VII) or a pharmacologically acceptable salt thereof disclosed in the 
specification of WO Publication Number 93/04680 (E.P. Publication Number 642,516) {preferably ABT-281 , of which 
the chemical name is 17-ethyM ,14-dihydroxy-12-[2-(4-tetrazolyl-3-methoxycyclohexyl)-1-methylvinyl]-23,25-dimeth- 
oxy-1 3,1 9,21 ,27-tetramethyl-11 ,28-dloxa-4-azatricycIo[22.3.1 .O^Joctacos-IS-ene^S.IO.ie-tetrone.}, 

a compound having the general formula (A) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 414,632 {preferably tlgderimus, of which the chemical name is cyclo[[3-hydroxy- 
4-methyl-2-(methylamino)-6roctenoyl]-L-2-am 

L-alanyI-[3'0-(2-hydroxyethyl)-D-seryl]-N-methyl-L-leucyl-N-methyl-L-leucyl-N-methyl-L-valyl.}, 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed In the spec- 
ification of WO Publication Number 97/11080 {preferably A-1 19435, of which the chemical name is 17-ethyl-1 
hydroxy-12*[2-[4-(acetylamlnoacety^^ 

ethyl-11,28-dioxa^azatricyclo[22.3.1.0 4 » 9 ]octacos-18-ene-2,3,10,16-tetrone.}, and 
17-ethyl-1,14-dlhydroxy-12-[2-(4-(2-phenylhydrazinocaifc^ 

23,25-dimethoxy-1 3,1 9,21 ,27-tetramethyl-11 ,28-dioxa-4-azatricyclo[22.3.1 .0 4 - 9 ]octacos-18-ene-2,3,10,16-tetrone 

disclosed in Bioorg. Med. Chem. Lett., vol. 9 (2), 227-232 (1999). 

[0083] The planar chemical structures of the typical compounds are shown below. 
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17-ethyl-l, 14-dihydroxy-12- [2- [4- 
A-119435 <2-phenylhydrazinocarbonyloxy) -3- 

methoxycyclohexyl] -1-methylvinyl] 
-23, 25-dimethoxy-13, 19, 21 , 27-tetr 
amethyl-11, 28-dioxa-4-azatricyclo 
[22. 3.1.04, 9] octacos-18-ene-2, 3, 1 
0, 16-tetrone, 

(2) Agents which have the action of inhibiting nucleoside synthesis in immune cells, depress lymphocytic prolif- 
eration by inhibiting nucleoside synthesis in the immune cells and show nonspecific immunosuppressive activity. Such 
agents, which have the action of inhibiting nucleoside synthesis in the immune cells, include, for example, 

a compound having the chemical structure disclosed in claim 1 of U.S. Patent Number 3,888,843 (mizoribine, of 
which the chemical name is 5-hydroxy-1-p-D-ribofuranosyl-1H-imidazole-4-carboxamide.), 

a compound having the general formula disclosed in claim 7 of U.S. Patent Number 3,056,785 or a pharmaco- 
logically acceptable salt thereof [preferably azathioprine, of which the chemical name is 6-[(1-methyi-4-nitro-1H-imi- 
dazol-5-yl)thio]-1 H-purine, and in the present invention azathioprine includes a pharmacologically acceptable salt (hy- 
drochloride) thereof.], 

a compound having the general formula (A) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P, Publication Number 281 ,713 (U.S. Patent Number 4,753,935) [preferably mycophenolic acid, of which 
the chemical name is 2-(4-morpholinyl)ethyl 6-(1 ,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)- 
4-methyl-(4E)-hexenoate.], 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 1 3376 (Japanese Patent Publication (Kokai) Number Sho 62-72614 or U.S. Patent 
Number 4,284,786) [preferably leflunomido, of which the chemical name is 5-methyl-N-[4-(trifluoromethyl)phenyl]- 
4-isoxazolecarboxamide.], 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of WO Publication Number97/40028 {preferably merimempodib, of which thechemical name is (3s)-tetrahydro- 
3-furanyl [[3-[[[[3-methoxy-4-(5-oxazolyl)phenyl]amino]carbonyl]amino]phenyl]methyl]carbamate.}, 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of FR Patent Publication Number 2,727,628 [preferably HMR-1279, of which the chemical name is a-cy- 
ano-N-(4-cyanophenyl)-p-oxo-cyclopropanepropaneamide,], 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of WO Publication Number 93/22286 (Japanese Patent Number 2,928,385, E.P. Publication Number 601,191 
or U.S. Patent Number 5,371 ,225) {preferably TSK-204, of which the chemical name is6,7-dihydro-10-fluoro-3-(2-fluor- 
ophenyl)-5H-benzo[6,7]cyclohepta[1 ,2-b]quinoline-8-carboxylic acid.}, and 
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a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of E.P. Publication Number 589,912 (Japanese Patent Publication (Kokal) Number Hei 8-32784) {preferably 
SP-1 00030, of which the chemical name is 2-chloro-N-[3,5-di(trifluoromethyi)phenyl]-4-(trifluoromethyl)pyrimidine- 
5-carboxyamide.}. 

[0084] The planar chemical structures of the typical compounds are shown below. 




mizeribine azathioprine mycophenolic acid 




lef lunomide 



merimempodib 
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SP-100030 



(3) Agents which inhibit the action of cytokines on immune cells and have antirheumatic action, have the com- 
bination of suppression of cytokine production, suppression of lymphocytic proliferation, and suppression of immu- 
noglobulin production. Furthermore, the agents include compounds having suppressive action on T-cell proliferation, 
suppression of NK cell activity, TNF-receptor antagonistic action, and the like. Such agents, which Inhibit the action of 
cytokine on immune cells and have antirheumatic action, include, for example, 

a compound having the genera! formula disclosed in claim (1) of Japanese Patent Publication (Kokai) Number 
Hei 2-49778 or a pharmacologically acceptable salt thereof (preferably T-614, of which the chemical name is 
N-[3-fprmylamino-4-oxo-6-phenoxy-4H-1-benzopyran-7-yl]methanesulfonamide.), 

a compound having the general formula (I) disclosed in the specification of U.S. Patent Number 4,720,506 or a 
pharmacologically acceptable salt thereof [preferably actarlt, of which the chemical name is 4-(acetylamino)phenylace- 
tlc acid.], 

a compound having the general formula disclosed in claim 1 of U.S. Patent Number 2,396,145 or a pharmaco- 
logically acceptable salt thereof {preferably salazosulfapyridine, of which the chemical name is 5-[[p-(2-pyridylsulfa- 
moyl)-phenyl]azo]salicylic acid.}, and 

a compound having the general formula (!) disclosed in the specification of WO Publication Number 97/23457 
{preferably CDC-801 , of which the chemical name is 3-phthalimido-3-(3-cyclopentyloxy-4-methoxyphenyl)propiona- 
mide.}, 

[0085] The planar chemical structures of the typical compounds are shown below. 
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salazosulfapyridine uu^-oui 

(4) Agents which are alkylating agents causing cell death by breakdown of DNA chains or blocking DNA synthesis, 
include, for example, 

a compound having the general formula (Ilia) or a pharmacologically acceptable salt thereof disclosed in the 
specification of U.S. Patent Number 3,018,302 [preferably cyclophosphamide, of which the chemical name is N,N'- 
bis-(2-chloroethyl)tetrahydro-2H-1,3,2-oxazaphosphorin-2-amlne 2-oxlde.]. 




cyclophosphamide 



(5) Metabolic antagonists, which inhibit the metabolism of nucleic acids by blocking folic acid production, have 
the action of inhibiting the metabolism of nucleic acids by binding to dihydrofolate reductases and blocking the pro- 
duction of tetrahydrofolic acids that are essential to the synthesis of components of nucleic acids. Such metabolic 
antagonists, which inhibit the metabolism of nucleic acids by blocking folic acid production, include, for example, 
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a compound having the general formula disclosed in claim 1 of U.S. Patent Number 2,512,572 or a pharmaco- 
logically acceptable salt thereof {preferably methotrexate, of which the chemical name is N*[4-[[2,4-diamino-6-pterid* 
inyl]methyl]methylamino] benzoyl-L-glutamlc acid.}. 




methotrexate 



(6) The group of protein drugs, which have the suppression action of TNF-alpha, includes compounds such as 
IL-1 receptor antagonists, soluble IL-1 receptors, and anti-IL-6 receptor antibodies, which suppress the action of TNF- 
alpha by inhibiting the neutralizing action of circulating TNF-alpha and its receptor-mediated intracellular TNF-alpha 
signaling. Such protein drugs, which have the inhibitory action of TNF-alpha, include, for example, 

remicade (infliximab) disclosed in the specification of U.S. Patent Number 5,656,272 and Drugs, vol. 59(6), 
1341-1359 (2000), 

enbrel (etanercept) disclosed in the specification of WO Publication Number 94/06,476, U.S. Patent Number 
5,605,690, and Expert.Opin. Pharmacother., July vol. 2(7), 1137-1148 (2000) , 

daclizumab disclosed in the specification of WO Publication Number 92/11 ,018, U.S. Patent Number 5,530,1 01, 
and N. Engl. J. Med., vol. 338(3), 161-165 (1997), 

basiliximab disclosed in the specification of E.P. Publication Number 449,769 and Clin. Pharmacol. Then, Vol. 
64(1), 66-72 (1998), 

alemtuzumab disclosed in the specification of WO Publication Number 89/07,452, U.S. Patent Number 5, 846,534, 

and J. Clin. Oncol., vol. 15(4), 1567-1574(1997), 

omalizumab disclosed in the specification of U.S. Patent Number 5,965,709 and Drugs vol. 61 (2), 253-60 (2001 ), 
BMS-1 88667 disclosed in the specification of E.P. Publication Number 613,944 and J. Pharm. Sci., vol. 84(12), 

1488-1489 (1995), 

CDP-571 disclosed in Arthritis-Rheum., vol. 37(9), Suppl., S295 (1994), 

inolimomab and ATM-027 disclosed in Transplant., June, vol. 55, 1320-1327 (1993), and 

BTI-322 disclosed in Blood, Dec 1 , vol. 92(1 1 ), 4066-4071 (1 998), 

(7) Agents which are steroid hormone agents that bind to intracellular steroid receptors to form a complex which 
binds to reaction sites on chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity, 
include, for example, prednisolone (of which the chemical name Is 1,4-pregnadiene-3,20-dione-11p,17a-21-triol.). 
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OH 




prednisolone 

(8) Agents which are substances suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drugs 
antagonizing the action of prostaglandin, include, for example, 

a compound having the general formula disclosed in claim 1 of Japanese Patent Publication (Kokoku) Number 
Sho 58-4699 or a pharmacologically acceptable salt thereof {preferably loxoprofen sodium, of which the chemical name 
is sodium 2-[4-(2-oxocyclopentan-1 -ylmethyi)phenyl]propionate,}, 

a compound having the general formula l(A) or a pharmacologically acceptable salt thereof disclosed in the 
specification of U.S. Patent Number 3,558,690 {preferably diclofenac sodium, of which the chemical name is sodium 
[o-(2,6-dichloroanilino)phenyl]acetate.}, 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of U.S. Patent Number 4,233,299 (E.P. Publication Number 0,002,482 or Japanese Patent Publication (Kokai) 
Number Sho 58-92976) [preferably meloxicam, of which the chemical name is 4-hydroxy-2-methyl-N-(5-methyl-2-thi- 
azolyl)-2H-1 ,2-benzothiazine-3-carboxamide 1 ,1 -dioxide.], 

a compound having the general formula (II) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of WO Publication Number 95/15316 (U.S. Patent Number 5,521 ,207 or Japanese Patent Publication (Kokai) 
Number 2000-109466) {preferably celecoxib, of which the chemical name is 4-[5-(4-methylphenyl)-3-(trifiuoromethyl) 
pyrazol-1 -yl]benzenesuifonamide.}, and 

a compound having the general formula (I) or a pharmacologically acceptable salt thereof disclosed in the spec- 
ification of WO Publication Number 95/00501 (U.S. Patent Number 5,474,995) {preferably rofecoxib, of which the 
chemical name is 9-[4-(methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone.}. 




loxoprofen sodium diclofenac sodium 
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H 3 C 

celecoxib 




rofecoxib 

[0086] Of the above immunosuppressants, more preferred are cyclosporin A, tacrolimus, rapamycin, leflunomide, 
methotrexate, remicade and enbrel. 

[0087] The "pharmacologically acceptable salt thereof" described above means a salt into which the above immu- 
nosuppressants can be converted, by reacting a compound having a basic group such' as an amino group with an acid 
or by reacting a compound having an acidic group such as a carboxyl group with a base. Such salts are included in 
the present invention. 

[0088] The salt formed with a basic group of the above immunosuppressants is preferably an inorganic acid salt, for 
example, a hydrohalide such as hydrofluoride, hydrochloride, hydrobromide, or hydroiodide, a nitrate, a perchlorate, 
a sulfate, a phosphate or the like; an organic acid salt, for example, a lower alkanesulfonate such as methanesulfonate, 
trifluoromethanesulfonate, or ethanesulfonate, an arylsulfonate such as benzenesulfonate or p-toluenesulfonate, an 
acetate, a malate, a fumarate, a succinate, a citrate, an ascorbate, a tartrate, a oxalate, a maleate, or the like; or an 
amino acid salt such as glycine salt, lysine salt, arginine salt, ornithine salt, glutamate, or aspartic acid salt. The salt 
is more preferably hydrochloride, acetate, fumarate, succinate, or maleate, 

[0089] The salt formed with an acidic group of the above immunosuppressants is preferably a metal salt, for example, 
an alkali metal salt such as sodium salt, potassium salt, or lithium salt, an alkaline earth metal salt such as calcium 
salt or magnesium salt, an aluminum salt, an iron salt, or the like; an amine salt, for example, an inorganic salt such 
as ammonium salt, an organic acid salt such as t-octylamine salt, dibenzylamine salt, morpholine salt, glucosamine 
salt, phenylglycine alky! ester salt, ethylenediamine salt, N-methylglucamine salt, guanidine salt, diethylamine salt, 
triethylamine salt, dicyclohexylamine salt, N,N'-dibenzylethylenediamine salt, chloroprocaine salt, procaine salt, dleth- 
anolamine salt, N-benzylphenethylamine salt, piperazine salt, tetramethylammonium salt, tris(hydroxymethyl)ami- 
nomethane salt, or the like; or an amino acid salt such as glycine salt, lysine salt, arginine salt, ornithine salt, glutamic 
acid salt, or aspartic acid salt. The salt is more preferably sodium salt, potassium salt, calcium salt, magnesium salt, 
or aluminum salt. 

[0090] When the immunosuppressants, the active ingredients of the pharmaceutical compositions of the present 
invention, are allowed to stand in contact with the atmosphere or to recrystallize, they may absorb water or water may 
attach to them to form a hydrate. The present invention encompasses such hydrates. 

[0091] When the immunosuppressants, the active ingredients of the pharmaceutical compositions of the present 
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invention, have asymmetric carbons in their structures, these compounds can exist as various stereoisomers due to 
such asymmetric carbons. In the present invention these compounds are represented as a single chemical formula 
individually. The present invention encompasses both individual stereoisomers and mixtures of two or more stereoi- 
somers in any ratio. 

[0092] Compounds shown in the following Table 1 , Table 2, Table 3, Table 4, Table 5 and Table 6 are specifically 
illustrated as preferred compounds of general formula (I), (II), or (III) of the present invention. However, the compounds 
of the present invention are not limited to these. 

[0093] The compounds represented by the same compound number in Table 1 and Table 2 include compounds 
wherein X is a sulfur atom (S), an oxygen atom (O), or a group of formula =N-CH 3 . 

[0094] The compounds represented by the same compound number in Table 5 and Table 6 include the six types of 
compounds wherein X is a sulfur atom (S), an oxygen atom (O), or a group of formula =N-CH 3> and the phosphate 
group is linked to an oxygen atom (O) or a -CH 2 - group. 

[0095] The meaning of the abbreviations in the following Tables is shown below. 

Bu represents a butyl group, 

IBu represents a isobutyl group, 

Bz represents a benzyl group, 

Et represents an ethyl group, 

cHx represents a cyclohexyl group, 

Me represents a methyl group, 

Np(1) represents a naphthalen-1-yl group, 

Np(2) represents a naphthalen-2-yl group, 

Ph represents a phenyl group, 

cPn represents a cyclopentyl group, 

Pr represents a propyl group, and 

iPr represents an isopropyl group. 
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5-2468 


COC 7 H, 5 


H 


Me 


2 


-CsC- (CH 2 ) *-cHx 


H 


H 


H 


H 


5-2469 


COC 8 H a7 


H 


Me 


2 


-CsC- (CH 2 ) 4-cHx 


H 


H 


H 


H 


5-2470 


COCH 3 


H 


Me 


2 


-CsC- (CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2471 


COC2H5 


H 


Me 


2 


-CsC- (CHzh-Ph 


H 


H 


H 


H 


5-2472 


COC3H7 


H 


Me 


2 


-CsC-{CH 2 )<-Ph 


H 


H 


H 


H 


5-2473 


COC4H9 


H 


Me 


2 


-CsC-(CH 2 ),-Ph 


H 


H 


H 


H 


5-2474 


COC 5 H u 


H 


Me 


2 


-CsC-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2475 


COC 6 Hi3 


H 


Me 


2 


-CsC-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2476 


COC7H25 


H 


Me 


2 


-CsC-(CH 2 ),-Ph 


H 


H 


H 


H 


5-2477 


COCeHj7 


H 


Me 


2 


-CsC- (CH 2 ) ,-Ph 


H 


H 


H 


H 


5-2478 


COCH3 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2479 


COC 2 Hc 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2460 


COC3H7 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2481 


COC«H 9 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-cHx 


K 


H 


K 


H 


5-2482 


COC5H11 


H 


Me 


2 


-CsC-(CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2483 


COC 6 H 13 


H 


Me 


2 


-CsC- <CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2484 


COC-jHis 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-CHX 


H 


H 


H 


H 


5-2485 


COCgHn 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-cHx 


H 


H 


H 


H 


5-2486 


COCH3 


H 


Me 


2 


-CsC-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2487 


COC 2 H 5 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2488 


COC3H7 


H 


Me 


2 


-CsC-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2489 


COC4H9 


H 


Me 


2 


-CsC- (CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2490 


COCsHai 


H 


Me 


2 


-CsC-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2491 


COC 6 Hi3 


H 


Me 


2 


-CsC-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2492 


COC 7 H 15 


H 


Me 


2 


-C=C-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2493 


COCgHi7 


H 


Me 


•2 


-CsC-(CH 2 ) 2 0-Ph 


H 


H 


H 


H 


5-2494 


COCH3 


H 


Me 


2 


-CO- (CH 2 ) 3 -cHx 


H 


H 


H 


H 


5-2495 


COC2H5 


H 


Me 


2 


-CO-(CH 2 ) 3 -cHx 


H 


H 


H 


H 


5-2496 


COC3H7 


H 


Me 


2 


-CO- (CH 2 ) 3 -cHx 


H 


H 


H 


H 


5-2497 


COC<Hg 


H 


Me 


2 


-CO-(CH 2 ) 3 -cHx 


H 


H 


H 


H 


5-2498 


COCsHji 


H 


Me 


2 


-CO-(CH 2 ) 3 -cHx 


H 


H 


H 


H 
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5-2499 


COC 6 H n 


H 


Me 


2 


-CO- (CH 2 ) 3 -cHx 


H 


H 


H 


H 




5-2500 


COC 7 H lb 


H 


Me 


2 


-CO-(CH 2 ) 3 -cHx 


H 


H 


H 


H 


5 


5-2501 


COC Q H a7 


H 


Me 


2 


-CO- (CH 2 ) 3 -cHx 


H 


H 


H 


H 




5-2502 


COCH 3 


H 


Me 


2 


-CO-(CH 2 ) 3 -Ph 


H 


H 


H 


H 




5-2503 


COC2H5 


H 


Me 


2 


-CO-(CH 2 ) 3 -Ph 


H 


H 


H 


H 


10 


5-2504 


COC3H7 


H 


Me 


2 


-CO-(CH 2 ) 3 -Ph 


H 


H 


H 


H 




5-2505 


COC,H 9 


H 


Me 


2 


-CO-(CH 2 ) 3 -Ph 


H 


H 


H 


H 




5-2506 


COC 5 H u 


H 


Me 


2 


-CO- (CH 2 ) 3 -Ph 


H 


H 


H 


H 


15 


5-2507 


COC 6 H 13 


H 


Me 


2 


-CO-(CH 2 ) 3 -Ph 


H 


H 


H 


H 


5-2508 


COC7H15 


H 


Me 


2 


-CO- (CH 2 ) 3 -Ph 


H 


H 


H 


H 




5-2509 


COC 8 Hi7 


H 


Me 


2 


-CO- (CH 2 ) 3 -Ph 


H 


H 


H 


H 




5-2510 


COCH3 


H 


Me 


2 


-CO- (CH 2 ) 4-cHx 


H 


H 


H 


H 


20 


5-2511 


COC 2 H 5 


H 


Me 


2 


-CO- (CH 2 ) 4 -cHx 


H 


H 


H 


H 




5-2512 


COC 3 H, 


H 


Me 


2 


-CO-(CH 2 ) 4 -cHx 


H 


H 


H 


H 




5-2513 


COC 4 Hg 


H 


Me 


2 


-CO- (CH 2 )«-cHx 


H 


H 


H 


H 


25 


5-2514 


COC s H„ 


H 


Me 


2 


-CO-(CH 2 ) 4 -cHx 


H 


H 


H 


H 




5-2515 


COC 6 H n 


H 


Me 


2 


-CO-(CH 2 ) 4 -cHx 


H ' 


H 


H 


U 




5-2516 


COC 7 H l5 


H 


Me 


2 


-CO-(CH 2 )4-cHx 


H 


H 


H 


H 


30 


5-2517 


COC 8 H„ 


H 


Me 


2 


-CO- (CH 2 ) 4 -cHx 


H 


H 


H 


H 


5-2518 


COCH3 


H 


Me 


2 


-CO-(CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2519 


COC 2 H 5 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2520 


COC3H7 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 


35 


5-2521 


COC<H 9 


H 


Me 


2 


-CO- {CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2522 


COCsHn 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2523 


COC 6 H 13 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 


40 


5-2524 


COC 7 Hi 5 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2525 


COC 8 Hn 


H 


Me 


2 


-CO- (CH 2 ) 4 -Ph 


H 


H 


H 


H 




5-2526 


COCH3 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 


45 


5-2527 


COC2H5 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 


5-2528 


COC3H7 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 




5-2529 


COC 4 H 9 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 




5-2530 


COC 5 Hu 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 


50 


5-2531 


COC$Hj 3 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 




5-2532 


COC7H15 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx, 


H 


H 


H 


H 




5-2533 


COCeHi7 


H 


Me 


2 


-CO- (CH 2 ) 5 -cHx 


H 


H 


H 


H 


55 


5-2534 


COCH3 


H 


Me 


2 


-CO- (CH 2 ) 5 -Ph 


H 


H 


H 


H 
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5-2535 


COC 2 H 5 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2536 


COC 3 H, 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2537 


COC,H 9 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2538 


COC 5 H n 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2539 


COC 6 H n 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2540 


COC 7 H 15 


H 


Me 


2 


-CO-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2541 


COC 8 H 17 


H 


Me 


2 


-CO- (CH 2 ) 5 -Ph 


H 


H 


H 


H 


5-2542 


COCH3 


H 


Me 


2 


-CH (OH) - (CH 2 ) ^-cHx 


H 


H 


H 


H 


5-2543 


COC 2 H 5 


H 


Me 


2 


-CH (OH) - (CH 2 ) «-cHx 


H 


H 


H 


H 


5-2544 


COC3H7 


H 


Me 


2 


-CH(OH)-(CH 2 ),-cHx 


H 


H 


H 


H 


5-2545 


COC4H9 


H 


Me 


2 


-CH(0H)-(CH 2 )<-cHX 


H 


H 


H 


H 


5-2546 


COCsHn 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -cHx 


H 


H 


H 


H 


5-2547 


COC 6 Hj 3 


H 


Me 


2 


-CH(OH) -(CH 2 ) 4 -cHx 


H 


H 


H 


H 


5-2548 


COC7H15 


H 


Me 


2 


-CH(OH)-(CH 2 )<-cHx 


H 


H 


H 


H 


5-2549 


COC 8 Hj, 


H 


Me 


2 


-CH (OH)-(CH 2 ) 4 -cHx 


H 


H 


H 


H 


5-2550 


COCH3 


H 


Me 


2 


-CH(0H)-(CH 2 ),-Ph 


H 


H 


H j 


H 


5-2551 


COC2H5 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2552 


COC 3 Ht 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2553 


COC4H9 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2554 


COC 5 H u 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2555 


COC 6 H 13 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2556 


COC7H15 


H 


Me 


2 


-CH(OH)-(CH 2 ) 4 -Ph 


H 


H 


H 


H 


5-2557 


COCsHn 


H 


Me 


2 


-CH(OH) - (CH 2 ) 4 -Ph 


H 


H 


H 


H 
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Table 6 



O r 

R 10 O _p_Q 



I 

OR 



11 



— Y— R 



0 / 
R 10 O-P~O 



l 

OR 



11 



NR 1 R 2 



-(CH 2 ) n 




(IIb-1) 



(lIb-2) 



o r 4- 

R 10 O-P-O R 4 



NRW 

j— (CH 2 ) n 



K-Y-R 5 



I 

OR 



11 



NR R' 



1 D 2 



,X — Y-R 



R 10 O-P 



OR 



11 



R 4 



(IIb-3) 



(IIIb-1) 



OR 11 1.. Aon 



(»Ib-2) (Uib-3) 



Compd . 


R 1 


R 2 


R 4 


n 


-Y-Z-R 5 




R 7 


R 10 


R 11 


6-1 


H 


H 


Me 


1 


-<CH 2 )5-cHx 


H 


H 


H 


H 


6-2 


H 


H 


Me 


1 


-(CH 2 ) 6 -cHx 


H 


H 


H 


H 


6-3 


H 


H 


Me 


1 


-CsC- (CH 2 ) 3-cHx 


H 


H 


H 


H 


6-4 


H 


H 


Me 


1 


-CsC-{CH 2 ) 4 -cHx 


H 


H 


H 


H 


6-5 


H 


H 


Me 


1 


-4- (cHx-CH 2 0) Ph 


H 


H 


H 


H 


6-6 


H 


H 


Me 


1 


-(4-BzO-Ph) 


H 


H 


H 


H 


6-7 


H 


H 


Me 


1 


-CsC-(CH 2 ) 2 0-cHx 


H 


H 


H 


H 


6-8 


H 


H 


Me 


1 


-C=C- (CH 2 ) 2 0-Ph 


H 


H 


H 


H 


6-9 


H 


H 


Me 


2 


-(CH 2 ) 3 -cHx 


H 


H 


H 


H 


6-10 


H 


H 


Me 


2 


-(CH 2 ) 3 -Ph 


H 


H 


H 


H 


6-11 


H 


H 


Me 


2 


-(CH 2 )«-cHx 


H 


H 


H 


H 


6-12 


H 


H 


Me 


2 


-(CH 2 ) 4 -Ph 


H 


H 


H 


H 
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6-13 


H 


H 


Me 


2 


- (CH 2 ) 5 -cPn 


H 


H 


H 


H 




6-14 


H 


H 


Me 


2 


- (CH 2 ) 5 -cHx 


H 


H 


H 


H 


5 


6-15 


H 


H 


Me 


2 


- (CH 2 ) 5 -cHx 


Me 


H 


H 


H 




6-16 


H 


H 


Me 


2 


- <CH 2 ) 5 -cHx 


H 


Me 


H 


H 




6-17 


H 


H 


Me 


2 


- (CH 2 ) 5 -cHx 


F 


H 


H 


H 


10 


6-18 


H 


H 


Me 


2 


- (CH 2 ) 5 -cHx 


H 


F 


H 


H 




6-19 


H 


Me 


Me 


2 


-(CH 2 ) 5 -cHx 


H 


H 


H 


H 




6-20 


C0 2 Me 


H 


Me 


2 


-(CH 2 ) 5 -cHx 


H 


H 


H 


H 


15 


6-21 


C0 2 Et 


H 


Me 


2 


• (CH 2 ) 5 -cHx 


H 


H 


H 


H 




6-22 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-F-cHx) 


H 


H 


H 


H 




6-23 


H 


H 


Me 


2 


- <CH 2 )5-(4-Cl-cHx) 


H 


H 


H 


H 


20 


6-24 


H 


H 


Me 


2 


- (CH 2 ) 5 -(4-Br-cHx) 


H 


H 


H 


H 


6-25 


H 


H 


Me 


2 


- (CH 2 ) 5 - (4-Me-cHx) 


H 


H 


H 


H 




6-26 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-Et-cHx) 


H 


H 


H 


H 




6-27 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-Pr-cHx) 


H 


H 


H 


H 


25 


6-28 


H 


H 


Me 


2 


- (CH Z ) 5 - (4-iPr-cHx) 


H 


H 


H 


H 




6-29 


H 


H 


Me 


2 


- (CH 2 ) 5 -(4-CF 3 -cHx) 


H 


H 


H 


H 




6-30 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-MeO-cHx) 


H 


H 


H 


H 


30 


6-31 


H 


H 


Me 


2 


- (CH 2 ) 5 - (4-EtO-cHx) 


H 


H 


H 


H 




6-32 


h 


H 


Me 


2 


~(CH 2 ) 5 -(4-PrO-cHx) 


H 


H 


H 


H 




6-33 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-iPrO-cHx) 


H 


H 


H 


H 


35 


6-34 


H 


H 


Me 


2 


-<CH 2 ) 5 -(3-MeS-cHx) 


H 


H 


H 


H 


6-35 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-MeS-cHx) 


H 


H 


H 


H 




6-36 


H 


H 


Me 


2 


-<CH 2 ) 5 -(6-4-diMe-cHx) 


H 


H 


H 


H 




6-37 


H 


H 


Me 


2 


-(CH 2 ) 5 -(3,4-diMe-cHx) 


H 


H 


H 


H 


40 


6-38 


H 


H 


Me 


2 


-<CH 2 ) 5 - (3,5-diMe-cHx) 


H 


H 


H 


H 




6-39 


H 


H 


Me 


2 


-<CH 2 ) £ -Ph 


H 


H 


H 


H 




6-40 


H 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


Me 


H 


H 


H 




6-41 


H 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


H 


Me 


H 


H 




6-42 


H 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


F 


H 


H 


H 




6-43 


H 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


H 


F 


H 


H 




6-44 


H 


Me 


Me 


2 


-(CH 2 ) 5 -Ph 


H 


H 


H 


H 


50 


6-45 


C0 2 Me 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


H 


H 


H 


H 




6-46 


C0 2 Et 


H 


Me 


2 


-(CH 2 ) 5 -Ph 


H 


H 


H 


H 




6-47 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-F-Ph) 


H 


H 


H 


H 


55 


6-48 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-Cl-Ph) 


H 


H 


H 


H 
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6-49 


H 


H 


Me 


2 


-<CH 2 ) 5 -{4-Br-Ph) 


K 


H 


H 


H 




6-50 


H 


H 


Me 


2 


-(CH 2 )*-(4-Me-Ph) 


H 


H 


H 


H 


5 


6-51 


H 


H 


Me 


2 


-<CH 2 > 5 -(4-Et-Ph) 


H 


H 


H 


H 




6-52 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-Pr-Ph) 


H 


H 


H 


H 




6-53 


H 


H 


Me 


2 


-<CH 2 ) 5 -(4-iPr-Ph) 


K 


H 


H 


H 


10 


6-54 


H 


H 


Me 


2 


-<CH 2 ) 5 -(4-Bu-Ph) 


H 


H 


H 


H 




6-55 


H 


H 


Me 


2 


-<CH 2 )*-(4-CF 3 -Ph) 


H 


H 


H 


H 




6-56 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-MeO-Ph) 


H 


H 


H 


H 




6-57 


H 


H 


Me 


2 


- (CH 2 ) 5 -<4-EtO-Ph) 


H 


H 


H 


H 




6-58 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-PrO-Ph) 


H 


H 


H 


H 




6-59 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-iPrO-Ph> 


H 


H 


H 


H 


20 


6-60 


H 


H 


Me 


2 


-(CH 2 ) 5 -(3-MeS-Ph) 


H 


H 


H 


H 


6-61 


H 


H 


Me 


2 


-(CH 2 ) 5 -(4-MeS-Ph) 


H 


H 


H 


H 




6-62 


H 


H 


Me 


2 


-(CH 2 ) 5 -(6-4-diMe-Ph) 


H 


H 


H 


H 




6-63 


H 


H 


Me 


2 


~<CH 2 ) 5 -(3,4-diMe-Ph) 


H 


H 


H 


H 


25 


6-64 


H 


H 


Me 


2 


-(CH 2 ) 5 -(3,5-diMe-Ph) 


H 


H 


H 


H 




6-65 


H 


H 


Me 


2 


-(CH 2 ) 6 -cPn 


H 


H 


H 


H 




6-66 


H 


H 


Me 


2 


-(CH 2 ) 6 -cHx 


H 


H 


H 


H 


30 


6-67 


H 


H 


Me 


2 


- (CH 2 ) 6 -cHx 


Me 


H 


H 


H 




6-68 


H 


H 


Me 


2 


-<CH 2 ) 6 -cHx 


H 


Me 


H 


H 




6-69 


H 


H 


Me 


2 


- (CH 2 ) 6 -cHx 


F 


H 


H 


H 


35 


6-70 


H 


H 


Me 


2 


- (CH 2 ) 6 -cHx 


H 


F 


H 


H 


6-71 


H 


Me 


Me 


2 


-(CH 2 ) 6 -cHx 


H 


H 


H 


H 




6-72 


C0 2 Me 


H 


Me 


2 


- (CH 2 ) 6 -cHx 


H 


H 


H 


H 




6-73 


C0 2 Et 


H 


Me 


2 


-(CH 2 ) 6 -cHx 


H 


H 


H 


H 


40 


6-74 


H 


H 


Me 


2 


-<CH 2 ) 6 -(4-F-cHx) 


H | 


H 


H 


H 




6-75 


H 


H 


Me 


2 


-(CH 2 ) 6 -(4-Cl-cHx) 
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[0096] The exemplification compound numbers of preferred compounds having formula (I) in the table 1 (formula 
(la-1 ), (la-2) and (1 a-3)), the table 2 (formula (lb-1 ), (lb-2) and (1 b-3), the table 3 (formula (1 a-4) and the table 4 (formula 
40 (1a-5)) include: 

1 -21 , from 1 -30 to 1 -46, from 1 -93 to 1 -1 52, from 1 -1 99 to 1 -253, from 1 -263 to 1 -272, from 1 -283 to 1 -298, from 1 -345 
to 1-401, from 1-411 to 1-426, from 1-473 to 1-528, from 1-548 to 1-549, from 1-559 to 1-574, from 1-621 to 1-680, 
from 1 -727 to 1 -781 , from 1 -791 to 1 -801 , from 1 -831 to 1 -836, from 1 -896 to 1 -949, from 1 -959 to 1 -974, from 1 -1 021 
to 1-1078, from 1-1081 to 1-1083, from 1-1093 to 1-1103, from 1-1113 to 1-1127, from 1-1 137 to 1-1152, from 1-1199 
45 to 1 -1 255, from 1 -1 265 to 1 -1 280, from 1 -1 327 to 1 -1 389, from 1 -1 399 to 1 -1 049, from 1 -1 41 9 to 1 -1 430, 1 -1 433, from 

1- 1433 to 1-1445, from 1-1 457 to 1-1466, from 1 -1484 to 1-1512, from 1-1531 to 1-1555, from 1-1 558 to 1-1565, from 
1 -1 584 to 1 -1 612, from 1 -1 630 to 1 -1 654, from 1 -1 657 to 1 -1 664, from 1 -1 683 to 1 -1 729, from 1 -1 743 to 1 -1 949, from 

2- 1 to 2-10, from 2-28 to 2-56, from 2-75 to 2-99, from 2-104 to 2-111 , from 2-130 to 2-158, from 2-176 to 2-200, from 
2-203 to 2-210, from 2-229 to 2-281 , and from 4-9 to 4-12, 

50 [0097] The exemplification compound numbers of the more preferred compounds include 1-21, from 1-31 to 1-38, 
from 1-41 to 1-46, from 1-93 to 1-105, from 1-112 to 1-117, from 1-142 to 1-144, from 1-147 to 1-152, from 1-199 to 
1-211, from 1 -248 to 1 -250, 1 -253, from 1 -263 to 1 -269, from 1 -284 to 1 -289, from 1 -293 to 1 -298, from 1 -345 to 1 -357, 
from 1 -364 to 1 -369, from 1 -394 to 1 -401 , from 1 -41 1 to 1 -41 7, from 1 -421 to 1 -426, from 1 -474 to 1 -485, from 1 -492 
to 1-497, from 1-522 to 1-528, 1-549, from 1-559 to 1-565 from 1-568 to 1-574, from 1-621 to 1-633, 1-640, 1-643, 

55 from 1-670 to 1-672, from 1-676 to 1-680, from 1-727 to 1-739, from 1-776 to 1-778, 1-781, from 1-831 to 1-838, from 
1 -842 to 1 -846, from 1 -893 to 1 -905, from 1 -91 2 to 1 -91 7, from 1 -942 to 1 -946, 1 -949, from 1 -959 to 1 -965, from 1 -970 
to 1-974, from 1-1021 to 1-1033, from 1-1 040 to 1-1045, from 1-1 070 to 1-1073, from 1-1081 to 1-1083, from 1-1093 
to 1 -1 099, 1 -1 1 03, from 1 -1 1 1 3 to 1 -1 1 1 9, from 1 -1 1 48 to 1 -1 1 52, from 1 -1 1 99 to 1 -1 21 1 , from 1 -1 248 to 1 -1 252, from 
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1-1265 to 1-1271, from 1-1276 to 1-1280, from 1-1327 to 1-1339, from 1-1376 to 1-1380, 1-1433, from 1-1443 to 

1- 1445, from 1-1459 to 1-1466, from 1-1484 to 1-1499, from 1-1504 to 1-1512, from 1-1558 to 1-1565, from 1-1584 
to 1 -1 599, from 1 -1 604 to 1 -1 61 2, from 1 -1 630 to 1 -1 639, from 1 -1 657 to 1 -1 658, from 1 -1 660 to 1 -1 664, from 1 -1 683 
to 1 -1 692, from 1 -1 702 to 1 -1 71 0, from 1 -1 743 to 1 -1 773, from 1 -1 796 to 1 -1 846, from 1 -1 848 to 1 -1 876, from 1 -1 886 

5 to 1 -1 904, from 2-3 to 2-1 0, from 2-28 to 2-37, from 2-52 to 2-56, from 2-75 to 2-84, from 2-88 to 2-90, from 2-95 to 

2- 99, from 2-104 to 2-111, from 2-130 to 2-139, from 2-143 to 2-146, from 2-150 to 2-158, from 2-176 to 2-185, from 
2-189 to 2-191, from 2-196 to 2-200, from 2-203 to 2-210, from 2-229 to 2-238, from 2-242 to 2-244, from 2-248 to 
2-252, and from 4-9 to 4-12. 

[0098] The exemplification compound numbers of the more preferred compounds include 1-21,1 -42, from 1 -93 to 
10 1-1 05, from 1-1 12 to 1-117, from 1-1 42 to 1-144, from 1-147 to 1-152, from 1-1 99 to 1-211, from 1-248 to 1-250, from 
1 -294 to 1 -298, 1 -351 , 1 -367, 1-411,1 -549, from 1 -559 to 1 -565, from 1 -569 to 1 -574, from 621 to 1 -633, 1 -643, from 
1-670 to 1-672, from 1-676 to 1-680, from 1-831 to 1-838, from 1-842 to 1-846, from 1-893 to 1-905, from 1-912 to 

1- 917, from 1 -942 to 1 -944, 1 -949, 1 -1 021 , from 1 081 to 1 -1 083, from 1 -1 093 to 1 -1 099, 1 -1 462, from 1 -1 558 to 1 -1 565, 
from 1 -1 584 to 1 -1 599, from 1 -1 604 to 1 -1 61 2, from 1 -1 660 to 1 664, from 1 -1 707 to 1 -1 71 0, from 1 762 to 1 -1 773, from 

15 1 81 6 to 1 846, from 1 -1 848 to 1 -1 859, from 1 -1 886 to 1 -1 904, and from 4-9 to 4-12. 

[0099] The exemplification compound numbers of the still more preferred compounds include 

Exemplification compound number 1-93 having formula (la-1) : 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]bu- 

tan-1-ol, 

Exemplification compound number 1-570 having formula (la-1): 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl) 
20 furan-2-yl]butan-1-ol, 

Exemplification compound number 1-621 having formula (la-1) : 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan- 

2- yl]butan-1-ol, 

Exemplification compound number 1-833 having formula (la-1): 2-amino-2-methyl-4-{5-[3-(4-methylphnoxy)prop- 
1 -ynyl]furan-2-yl}butan-1 -ol, 

25 Exemplification compound number 1-842 having formula (la-1) : 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl) 
furan-2-yl]butan-1-ol, 

Exemplification compound number 1-1083 having formula (la-1): 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl) 
furan-2-yl]butan-1-ol, 

Exemplification compound number 1-1836 having formula (la-1) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy) 
30 prop-1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1-628 having formula (la-1): 2-amino-2-methyl-4-{5-[5-(4-chlorophenyl)pent- 
1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1-640 having formula (la-1) : 2-amino-2-methyl-4-{5-[5-(3-trifluoromethylphenyl) 
pent-1 -ynyl]furan-2-yl}butan-1 -ol, 
35 Exemplification compound number 1-835 having formula (la-1) : 2-amino-2-methyl-4-{5-(3-(4-trifluoromethylphenoxy) 
prop-1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1-1831 having formula (la-1) : 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy)prop- 
1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1 -1 838 having formula (la-1 ) : 2-amino-2-methyl-4-{5-[3-(3-trifluoromethylphenoxy) 
prop-1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1-1842 having formula (la-1) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxylphenoxy) 
prop-1 -ynyl]furan-2-yl}butan-1 -ol, 

Exemplification compound number 1-621 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(5-phenylpent- 
1 -ynyl)pyrrol-2-yl]butan-1 -ol, 

45 Exemplification compound number 1 -833 having formula (la-2) : 2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methyl)phenox- 
yprop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

Exemplification compound number 1-842 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexylbut- 
1 -ynyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 1-1 836 havingformula(la-2) :2-amino-2-methyl-4-{1-methyl-5-(3-(3,4-dimethylphe- 
50 noxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

Exemplification compound number 1-93 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentyl)pyr- 
rol-2-yl]butan-1-ol, 

Exemplification compound number 1-1093 having formula (la-2): 2-amino-2-methyl-4-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]butan-1 -ol, 

55 Exemplification compound number 1 -1 890 having formula (la-2) : 2-amino-2-methyl-4-{1 -methyl-5-[5-(4-chlorophenyl) 
pentanoyl]pyrrol-2-yl}butan-1-ol, 

Exemplification compound number 1 -1 896 having formula (la-2) : 2-amino-2-methyl-4-{1 -methyl-5-[5-(3-trifluorometh- 
ylphenyl)pentanoyl]pyrrol-2-yl}butan-1-ol, 
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Exemplification compound number 1-1083 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 1 -1 082 having formula (la-2) : 2-amino-2-methyl-4-[1 -methyl-5-(4-phenylbutanoyl) 
pyrroI-2-yl]butan-1-ol, 

Exemplification compound number 1-1081 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexylbu- 
tanoyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 4-1 2 having formula (la-5) : 2-amino-2-methyl-4-[1 -ethyl-5-(5-phenylpentanoyl)pyr- 
rol-2-yl]butan-1-ol, 

Exemplification compound number 4-11 having formula (la-5) : 2-amino-2-methyl-4-[1-ethyl-5-(5-cyclohexylpentanoyl) 
pyrrol-2-yl]butan-1-ol, 

Exemplification compound number 4-10 having formula (la-5) : 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbutanoyl)pyr- 
rol-2-yl]butan-1-ol, 

Exemplification compound number 4-9 having formula (la-5) : 2-amino-2-methyl-4-[1-ethyl-5-(4-cyclohexylbutanoyl) 
pyrrol-2-yl]butan-1-ol, 

Exemplification compound number 1-21 having formula (la-3): 2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-42 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-93 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-phenylpentyl)thiophen-2-yl] 
butan-1-ol, 

Exemplification compound number 1-294 having formula (la-3): 2-amino-2-methyl-4-[5-(4-cyclohexyloxybutyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-351 having formula (la-3) : 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)butyl]thi- 
ophen-2-yl}butan-1-ol, 

Exemplification compound number 1-367 having formula (la-3) : 2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy)butyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-473 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-549 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexylbuM-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-559 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-phenylbut-1-ynyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-570 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexylpent-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-621 having formula (la-3): 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1 -627 havingformula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent-1 -ynyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-643 having formula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-methoxyphenyl)pent- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-833 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-methylghenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-834 having formula (la-3): 2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy)prop- 
1 -ynyl)thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1 -838 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-methylthiophenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-842 having formula (la-3) : 2-amino-2-methyl-9-[5-(4-cyclohexyloxybut-1-ynyl) 
thiophen-2-yl]butan-1-ol, 

Exemplification compound number 1-899 having formula (la-3): 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)but- 
1 -ynyl]thiophen-2-yl)butan-1 -ol, 

Exemplification compound number 1-903 having formula (la-3): 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy)but- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-949 having formula (la-3) : 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxyprop- 
1 -ynyl)thiophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-1021 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-benzyloxybut-1-ynyl)thi- 
ophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-1081 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl)thi- 
ophen-2-yl]butan-1-ol, 
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Exemplification compound number 1-1082 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-phenylbutanoyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-1083 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-1093 having formula (la-3): 2-amino-2-methyl-4-[5-(5-phenylpentanoyl)thi- 
ophen-2-yl]butan-1 -ol, 

Exemplification compound number 1 -1094 having formula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pentanoyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1462 having formula (la-3) : 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-1561 having formula (la-3) : 2-amino-2-ethyl-4-[5-(5-cyclohexylpent-1-ynyl)thi- 
ophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-1707 having formula (la-3): 2-amino-2-ethyl-4-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-1831 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1834 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3-methyIphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1836 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1 -1 841 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3-methoxyphenoxy)prop- 
1 -yny!]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1842 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphenoxy) 
prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1843 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,5-dimethoxyphenoxy) 
prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1845 having formula (la-3) : 2-amino-2-methyi-4-{5-[3-(3-acetylphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, and 

Exemplification compound number 1-1846 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol. 

[0100] The exemplification compound numbers of particularly preferred compounds include 

Exemplification compound number 1-93 having formula (la-1) : 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]bu- 

tan-1-ol, 

Exemplification compound number 1-570 having formula (la-1): 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl) 
furan-2-yl]butan-1-ol, 

Exemplification compound number 1-621 having formula (la-1) : 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan- 
2-yl)butan-1-ol, 

Exemplification compound number 1-842 having formula (la-1) : 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl) 
furan-2-yl]butan-1-ol, 

Exemplification compound number 1-1083 having formula (la-1): 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl) 
furan-2-yl]butan-1-ol, 

Exemplification compound number 1-1836 having formula (la-1) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy) 
prop-1 -ynyl]furan-2-yl}butan-1 -ol 

Exemplification compound number 1-621 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(5-phenylpent- 
1 -ynyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 1 -833 having formula (la-2) : 2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methyl)phenox- 
yprop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

Exemplification compound number 1 -842 having formula (la-2) : 2-amino-2-methyl-4-[1 -methyi-5-(4-cyclohexyloxybut- 
1 -y ny l)pyrrol-2-y l]butan-1 -ol , 

Exemplification compound number 1-1093 having formula (la-2): 2-amino-2-methyl-4-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 1-1836 having formula (la-2) : 2-amino-2-methyl-4-(1-methyl-5-[3-(3,4-dimethyl) 
phenoxyprop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

Exemplification compound number 1-1083 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(5-cyclhexylpen- 
tanoyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 1-1082 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(4-phenylbutanoyl) 
pyrrol-2-yl]butan-1-ol, 

Exemplification compound number 1-1081 having formula (la-2) : 2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexylbu- 
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tanoyl)pyrrol-2-yl]butan-1 -ol, 

Exemplification compound number 4-1 2 having formula (la-5) : 2-amino-2-methyl-4-[1 -ethyi-5-(5-phenylpentanoyl)pyr- 
rol-2-yl]butan-1-ol, 

Exemplification compound number 4-1 1 having formula (la-5) : 2-amino-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpentanoyl) 
pyrrol-2-yl]butan-1-ol, 

Exemplification compound number 4-10 having formula (la-5) : 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbutanoyl)pyr- 
rol-2-yl]butan-1-ol, 

Exemplification compound number 4-9 having formula (la-5) : 2-amino-2-methyl-4-[1-ethyl-5-(4-cyclohexylbutanoyl) 
pyrrol-2-yl]butan-1-ol, 

Exemplification compound number 1-21 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexyIbutyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-42 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-93 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-phenylpentyl)thiophen-2-yl] 
butan-1-ol, 

Exemplification compound number 1-294 having formula (la-3): 2-amino-2-methyl-4-[5-(4-cyclohexyloxybutyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-351 having formula (la-3) : 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)butyl]thi- 
ophen-2-yl}butan-1-ol, 

Exemplification compound number 1-367 having formula (la-3) : 2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy)butyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-473 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-549 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexylbut-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-559 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-phenylbut-1-ynyl)thiophen- 
2-yl]butan-1-ol, 

Exemplification compound number 1-570 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-621 having formula (la-3): 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1 -627 havingformula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-f luorophenyl)pent-1 -ynyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-643 having formula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-methoxyphenyl)pent- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-833 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-methylphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-834 having formula (la-3): 2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy)prop- 

1 - ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1 -838 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-methylthiophenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-842 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl) 
thiophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-899 having formula (la-3): 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)but- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-903 having formula (la-3): 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy)but- 
1 -ynyl]thiophen-2-yl)butan-1 -ol, 

Exemplification compound number 1-949 having formula (la-3) : 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxyprop- 
1 -ynyl)thiophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-1021 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-benzyloxybut-1-ynyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-1081 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1 -1 082 having formula (la-3) : 2-amino-2-methyl-4-[5-(4-phenylbutanoyl)thiophen- 

2- yl]butan-1-ol, 

Exemplification compound number 1-1083 having formula (la-3) : 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl]butan-1-ol, 

Exemplification compound number 1-1093 having formula (la-3): 2-amino-2-methyl-4-[5-(5-phenylpentanoyl)thi- 
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ophen-2-yl]butan-1-ol, 

Exemplification compound number 1 -1 094 having formula (la-3) : 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pentanoyl] 
thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1462 having formula (la-3) : 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thiophen- 
s 2-yl]butan-1-ol, 

Exemplification compound number 1-1561 having formula (la-3) : 2-amino-2-ethyl-4-[5-(5-cyclohexylpent-1-ynyl)thi- 
ophen-2-yl]butan-1 -ol, 

Exemplification compound number 1-1707 having formula (la-3): 2-amino-2-ethyl-4-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl)butan-1 -ol, 

10 Exemplification compound number 1-1831 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1834 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3-methylphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1836 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy) 
15 prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1841 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3-methoxyphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1842 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphenoxy) 
prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 
20 Exemplification compound number 1-1843 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3,5-dimethoxyphenoxy) 
prop-1 -ynyl]thiophen-2-yl}butan-1 -ol, 

Exemplification compound number 1-1845 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy)prop- 
1 -ynyl]thiophen-2-yl}butan-1 -ol, and 

Exemplification compound number 1-1846 having formula (la-3) : 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy)prop- 

25 1 -ynyl]thiophen-2-yl}butan-1 -ol. 

[0101] The exemplification compound numbers of preferred compounds having formula (II) in the table 5 (formula 
(lla-1), (lla-2) and (lla-3)), the table 6 (formula (llb-1), (llb-2) and (llb-3)), and the table 7 (formula (lla-4)) include: 
5-1 9, from 5-23 to 5-32, from 5-36 to 5-45, from 5-49 to 5-58, from 5-62 to 5-71 , from 5-75 to 5-84, from 5-88 to 5-1 02, 
from 5-106 to 5-156, from 5-160 to 5-214, from 5-218 to 5-268, from 5-272 to 5-321 , from 5-325 to 5-334, from 5-338 

30 to 5-347, from 5-351 to 5-360, from 5-364 to 5-373, from 5-377 to 5-386, from 5-390 to 5-404, from 5-408 to 5-458, 
from 5-462 to 5-513, from 5-51 7 to 5-526, from 5-530 to 5-544, from 5-548 to 5-598, from 5-602 to 5-657, 5-670, from 
5-674 to 5-683, 5-696, from 5-700 to 5-71 7, from 5-721 to 5-730, from 5-734 to 5-743, from 5-747 to 5-756, from 5-760 
to 5-774, from 5-778 to 5-828, from 5-832 to 5-886, from 5-890 to 5-940, from 5-944 to 5-993, from 5-997 to 5-1006, 
from 5-1 01 0 to 5-1 01 9, 5-1 045, from 5-1 049 to 5-1 058, from 5-1 062 to 5-1 076, from 5-1 080 to 5-1 1 30, from 5-1 1 34 to 

35 5-1185, from 5-1189 to 5-1198, from 5-1202 to 5-1208, from 5-1212 to 5-1216, from 5-1220 to 5-1270, from 5-1274 to 
5-1331, from 5-1335 to 5-1344, from 5-1348 to 5-1357, from 5-1361 to 5-1370, from 5-1374 to 5-1387, from 5-1391 
to 5-1400, from 5-1404 to 5-1418, from 5-1422 to 5-1472, from 5-1476 to 5-1527, from 5-1531 to 5-1540, from 5-1544 
to 5-1 558, from 5-1 562 to 5-1 61 2, from 5-1616 to 5-1 673, from 5-1 677 to 5-1 686, from 5-1 690 to 1 -1 699, from 5-1 703 
to 5-1 71 2, from 5-1 71 6 to 5-1 729, from 5-1 733 to 5-1 744, from 5-1 748 to 5-1 768, from 5-1 772 to 5-1 793, from 5-1 797 

40 to 5-1 820, from 5-1 824 to 5-1 846, from 5-1 850 to 5-1 869, 5-1 872, 5-1 876, 5-1 880, 5-1 884, from 5-1 888 to 5-1 892, 
5-1 896, 5-1 900, from 5-1 908 to 5-1 91 3, from 5-1 91 7 to 5-1 939, from 5-1 943 to 5-1 966, from 5-1 970 to 5-1 991 , from 
5-1 995 to 5-201 3, 5-201 7, 5-2021 , 5-2025, 5-2029, 5-2033, from 5-2037 to 5-2042, from 5-2046 to 5-2068, from 5-2072 
to 5-2089, 5-2093, 5-2097, 5-2101, 5-2105, 5-2109, 5-2113, 5-2117, 5-2121, 5-2125, 5-2129, 5-2133, 5-2135, from 

5- 2139 to 5-2158, from 5-2161 to 5-2164, from 5-2185 to 5-2346, from 5-2398 to 5-2557, 

^5 from 6-9 to 6-18, from 6-22 to 6-43, from 6-47 to 6-70, from 6-74 to 6-96, from 6-100 to 6-119, 6-142, 6-146, 6-150, 

6- 154, from 6-158 to 6-163, from 6-167 to 6-183, from 6-185 to 6-189, from 6-193 to 6-21 6, from 6-220 to 6-241 , from 
6-245 to 6-263, 6-267, 6-271, 6-275, 6-279, 6-283, from 6-287 to 6-292, from 6-296 to 6-318, from 6-322 to 6-338, 
6-343, 6-347, 6-351 , 6-371 , from 6-375 to 6-377, from 6-381 to 6-407, from 6-416 to 6-511 , and from 7-9 to 7-12. 
[0102] The exemplification compound numbers of the more preferred compounds include: 

50 5-1 9, 5-32, from 5-36 to 5-45, 5-57, from 5-62 to 5-71 , 5-84, 5-88, from 5-97 to 5-1 00, from 5-1 52 to 5-1 54, from 5-1 60 
to 5-214, from 5-21 8 to 5-227, from 5-264 to 5-268, from 5-272 to 5-321 , 5-334, 5-347, 5-360, 5-373, 5-386 , from 5-390 
to 5-402, from 5-454 to 5-458, from 5-462 to 5-513, 5-526, from 5-530 to 5-542, from 5-594 to 5-598, from 5-602 to 
5-653, 5-743, 5-756, from 5-760 to 5-768, from 5-770 to 5-774, from 5-778 to 5-828, from 5-832 to 5-886, from 5-890 
to 5-940, from 5-944 to 5-993, 5-1045, 5-1058, from 5-1062 to 5-1074, from 5-1126 to 5-1130, from 5-1134 to 5-1185, 

55 5-1198, from 5-1202 to 5-1208, from 5-1212 to 5-1214, from 5-1266 to 5-1270, from 5-1274 to 5-1331 , 5-1344, from 
5-1 348 to 5-1 357, 5-1 370, from 5-1 374 to 5-1 387, 5-1 400, from 5-1 404 to 5-141 6, from 5-1 468 to 5-1 472, from 5-1 476 
to 5-1527, 5-1540, from 5-1544 to 5-1556, from 5-1608 to 5-1612, from 5-1616 to 5-1666, 5-1729, 5-1742, 5-1744, 
from 5-1 759 to 5-1 767, from 5-1 789 to 5-1 793, from 5-1 797 to 5-1 81 8, from 5-1 842 to 5-1 846, 5-1 900, from 5-1 908 
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to 5-1913, from 5-1935 to 5-1939, from 5-1943 to 5-1966, from 5-1987 to 5-1991 , 5-2013, 5-2017, 5-2029, 5-2033, 
from 5-2037 to 5-2042, from 5-2064 to 5-2068, from 5-2072 to 5-2089, 5-2093, 5-2097, 5-2101 , 5-21 05, 5-21 09, 5-21 29, 
5-2133, 5-2135, from 5-2185 to 5-2346, from 5-2398 to 5-2557, 

from 6-11 to 6-1 8, from 6-39 to 6-43, from 6-47 to 6-70, from 6-1 85 to 6-189, from 6-1 93 to 6-216, from 6-287 to 6-292, 
5 6-338, 6-343, 6-347, 6-351 , from 6-41 6 to 6-51 1 , and from 7-9 to 7-1 2. 

[0103] The exemplification compound numbers of the more preferred compounds include: 

5-45, 5-71 , 5-84, 5-88, from 5-97 to 5-100, from 5-152 to 5-154, from 5-1 60 to 5-206, from 5-209 to 5-212, from 5-264 
to 5-266, 5-334, 5-373, 5-386, from 5-390 to 5-402, from 5-454 to 5-458, from 5-462 to 5-485, 5-509, 5-510, 5-513, 
5-526, from 5-530 to 5-542, from 5-594 to 5-598, from 5-602 to 5-613, 5-649, 5-650, 5-743, 5-756, from 5-760 to 5-768, 

w from 5-770 to 5-772, from 5-824 to 5-828, from 5-832 to 5-884, 5-936, 5-1 045, 5-1 058, from 5-1 062 to 5-1 074, from 
5-1 1 26 to 5-1 1 30, from 5-1 1 34 to 5-1 1 45, from 5-1 1 48 to 5-1 1 51 , 5-1 1 62, 5-1 1 63, from 5-1 1 79 to 5-1 1 82, 5-1 1 85, 5-1198, 
from 5-1202 to 5-1208, 5-1212, 5-1213, 5-1214, from 5-1 266 to 5-1 270, from 5-1274 to 5-1285, from 5-1288 to 5-1291, 
from 5-1319 to 5-1322, from 5-1329 to 5-1331, 5-1344, from 5-1348 to 5-1357, 5-1370, 5-1387, 5-1400, from 5-1404 
to 5-1416, from 5-1468 to 5-1472, from 5-1476 to 5-1487, from 5-1490 to 5-1493, 5-1504, 5-1505, from 5-1521 to 

15 5-1 524, 5-1 527, 5-1 540, from 5-1 544 to 5-1 556, from 5-1 608 to 5-161 2, from 5-1 61 6 to 5-1 627, 5-1 663, 5-1 664, 5-1 729, 
5-1 742, 5-1 744, from 5-1 761 to 5-1 766, from 5-1 789 to 5-1 791 , from 5-1 81 5 to 5-1 81 8, 5-1 900, 5-1 909, 5-1 962, from 
5-2064 to 5-2066, 5-2089, 5-2093, 5-2097, 5-2101, 5-2105, 5-2133, from 5-2216 to 5-2288, from 5-2290 to 5-2346, 
from 5-2398 to 5-2557, and from 7-9 to 7-12. 

[0104] The exemplification compound numbers of the still more preferred compounds include: 
20 Exemplification compound number 5-84 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan- 
2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-770 having formula (lla-1): mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl) 
25 f uran-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 063 having formula (lla-1 ) : mono 2-amino-2-methyl-4-{5-[3-(4-methylphenoxyl) 
prop-1 -ynyl]furan-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1072 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut- 
1 -ynyl)f uran-2-yl]-1 -butyl phosphate, 
30 Exemplification compound number 5-1331 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpen- 
tanoyl)furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-1) : mono 2-amino-2-methyl-4-(5-[3-(3,4-dimethylphe- 
noxy)prop-1 -ynyl]furan-2-y!}-1 -butyl phosphate, 

Exemplification compound number 5-834 having formula (lla-1) : mono 2-amino-2-methyl-4-{5-[5-(4-chlorophenyl) 
35 pent-1 -ynyl]furan-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-846 having formula (lla-1) :mono2-amino-2-methyl-4-{5-[5-(3-trifluoromethylphe- 
nyl)pent-1 -ynyl]f uran-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1065 having formula (lla-1) : mono 2-amino-2-methyl-4-{5-[3-(4-trifluoromethyl- 
phenoxyl)prop-1 -ynyl]f uran-2-yl}-1 -butyl phosphate, 
40 Exemplification compound number 5-2273 having formula (lla-1) : mono 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxyl) 
prop-1 -ynyl]furan-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2280 having formula (lla-1) : mono 2-amino-2-methyl-4-{5-[3-(3-trifluoromethyl- 
phenoxyl)prop-1 -ynyljf uran-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2284 having formula (lla-1 ) : mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphe- 
45 noxy)prop-1 -ynyl]furan-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(5-phe- 
nylpent-1-ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 063 having formula (lla-2) :mono2-amino-2-methyl-4-{1-methyl-5-[3-(4-methyl) 
phenoxyprop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 
50 Exemplification compound number 5-1 072 having formula (lla-2) : mono2-amino-2-methyl-4-[1-methyl-5-(4-cyclohex- 
yloxybut-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-2): mono 2-amino-2-methyl-4-{1-methyl- 
5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-84 having formula (lla-2): mono 2-amino-2-methyl-4-[1-methyl-5-(5-phe- 
55 nylpentyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplificationcompoundnumber5-1344havingformula (lla-2) :mono2-amino-2-methyl-4-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2332 having formula (lla-2) : mono 2-amino-2-methyl-4-{1-methyl-5-[5-(4-chlo- 
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rophenyl)pentanoyl]pyrrol-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2338 having formula (lla-2) : mono2-amino-2-methyl-4-{1-methyl-5-[5-(3-trifluor- 
omethylphenyl)pentanoyl]pyrrol-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1331 having formula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(5-cyclohex- 
ylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1330 having formula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(4-phenylb- 
utanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 329 having formula (lla-2) : mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohex- 
ylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-12 having formula (lla-4) : mono 2-amino-2-methyl-4-[1-ethyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-1 1 havingformula (lla-4) : mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-10 having formula (lla-4): mono 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbu- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-9 having formula (lla-4) : mono 2-amino-2-methyl-4-[1-ethyl-5-(4-cyclohexylbu- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-71 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-84 havingformula (lla-3) : mono2-amino-2-methyl-4-[5-(4-phenylbutyl)thiophen- 
2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-98 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-152 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-21 0 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(6-cyclohexylhexyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-264 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(6-phenylhexyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-373 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexyloxypropyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-386 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-phenoxypropyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-400 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybutyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-454 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenoxylbutyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-509 having formula (lla-3) : mono2-amino-2-methyl-4-[5-(5-cyclohexyloxypentyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-510 having formula (lia-3) : mono 2-amino-2-methyl-4-[5-(5-phenoxypentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-513 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy- 
propyi)thiophen-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-743 havingformula (lla-3) : mono2-amino-2-methyl-4-[5-(4-cyclohexylbut-1-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-756 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenylbut-1-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-770 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenylpenM-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-882 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(6-cyclohexylhex- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-936 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(6-phenylhex-1-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 045 havingformula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexyloxyprop- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1058 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(3-phenoxyprop- 
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1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1072 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 126 having formula (lla-3) : mono2-amino-2-methyl-4-[5-(4-phenoxybut-1-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 181 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexyloxypent- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1182 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(5-phenoxypent- 
1-ynyl)thiophen-2-yl)-1 -butyl phosphate, . 

Exemplification compound number 5-1 1 85 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy- 
prop-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 329 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1330 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenylbutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1331 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpen- 
tanoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1344 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenylpentanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1357 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(6-cyclohexylhex- 
anoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1370 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(6-phenylhexanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1387 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexyloxypro- 
panoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 400 having formula (lla-3) : mono2-amino-2-methyl-4-[5-(3-phenoxypropanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1414 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyioxybu- 
tanoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1468 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenoxybutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1523 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexyloxypen- 
tanoyl)thiophen-2-y!]-1 -butyl phosphate, 

Exemplification compound number 5-1 524 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenoxypentanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1527 havingformula (lla-3) : mono 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy- 
propanoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number5-1 729 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylmethoxy- 
phenyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1742 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylethoxy- 
phenyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1744 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-benzyloxyphenyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1761 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(4-cyclohexylbutyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 764 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1816 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(6-cyclohexylhexyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 900 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(4-cyclohexylbut-1 -ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1909 having formula (lla-3): mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 962 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(6-cyclohexylhex-1 -ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2089 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(4-cyclohexylbutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2097 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentanoyl) 
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thiophen-2-yl]-1 -butyl phosphate, and 

Exemplification compound number 5-2105 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(6-cyclohexylhexanoyl) 
thiophen-2-yl]-1 -butyl phosphate, and 

Exemplification compound number 5-463 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy) 
butyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-479 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy) 
butyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-594 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-760 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenyl)but- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-761 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[4-(4-methylphenyl)but- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-762 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-ethylphenyl)but- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-763 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[4-(4-trifluoromethylphe- 
nyl)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-764 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphenyl) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-765 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[4-(4-ethoxyphenyl)but- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-766 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylthiophenyl) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-832 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[5-(3-fluorophenyl)pent- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-833 having formula (I la-3) : mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent- 
1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-834 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-chlorophenyI) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-836 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-methylphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-837 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methlyphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-846 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[5-(3-trifluoromethylphe- 
nyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-847 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-trifluorophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-848 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-methoxyphenyl) 
pent-1 -ynyljth iophen-2-y I}- 1 -butyl phosphate, 

Exemplification compound number 5-849 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methoxyphenyl) 
pent-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-860 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-methylthiophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-861 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methylthiophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-877 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dimethylphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-878 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-dimethylphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 050 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylcyclohex- 
yloxy) prop-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 062 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-fluorophenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1063 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1064 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1065 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-trifluoromethyl- 
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phenoxyl)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1066 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methoxyphe- 
noxy)prop-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1067 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-ethoxyphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1068 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylthiophe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1134 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-fluorophenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1135 having formula (lla-3) : mono 2-amino-2-methyl-4-(5-[4-(4-fluorophenoxy) 
but-1 -ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1136 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-chlorophenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 138 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[4-(3-methylphenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 139 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[4-(4-methylphenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1148 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-trifluoromethyl- 
phenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1149 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-trifluoromethyl- 
phenoxy)but-1 -ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1150 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methoxyphe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1151 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 162 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methylthiophe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1163 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylthiophe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1179 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-dimethylphe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 180 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-dimethylphe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1198 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(3-benzyloxyprop- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1202 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-fluorophenyl) 
methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1203 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylphenyl) 
methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1204 having formula (lla-3): mono 2-amino-2-methyl-4-{5-[3-(4-ethylphenyl) 
methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1205 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-trifluoromethyl- 
phenyl)methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 206 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methoxyphenyl) 
methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1207 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-ethoxyphenyl) 
methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1208 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylthiophe- 
nyl)methoxyprop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplificationcompoundnumber5-1212havingformula (lla-3) :mono2-amino-2-methyl-4-[5-(4-cyclohexylmethoxy- 
but-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1266 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(4-benzyloxybut- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1274 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-fiuorophenyl) 
methoxybut-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1275 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenyl) 
methoxybut-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1276 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-chlorophenyl) 
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methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1278 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methylphenyl) 
methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1279 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylphenyl) 
methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1288 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-trifluoromethyl- 
phenyl)methoxybut-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1289 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-trifluoromethyl- 
phenyl)methoxybut-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1290 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methoxyphenyl) 
methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 291 having formula (I la-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphenyl) 
methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1319 having formula (lla-3) : mono 2-amino-2-methyl^-{5-[4-(3,4-dimethylphe- 
nyl)methoxybuM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1320 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-dimethylphe- 
nyl)methoxybut-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1348 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1349 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methylphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 350 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[5-(4-ethylphenyl)pen- 
tanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1351 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-trifluoromethyl- 
phenyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1352 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methoxyphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1353 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-ethoxyphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1354 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methylthiophe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1476 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-fluorophenoxy) 
butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1477 having formula (lla-3) : mono 2-amino-2-methyl-4-(5-[4-(4-fluorophenoxy) 
butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1478 having formula (lla-3) : mono 2-amino-2-methyl«4-{5-[4-(4-chlorophenoxy) 
butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 480 having formula (Ma-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methylphenoxy) 
butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1481 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy) 
butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1490 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-trifluoromethyl- 
phenoxy)butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1491 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-trifluoromethyl- 
phenoxy)butanoyl]thiophen-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-1492 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methoxyphe- 
noxy)butanoyl]thiophen-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-1493 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphe- 
noxy)butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1504 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-methylthiophe- 
noxy)butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1505 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylthiophe- 
noxy)butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1521 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-dimethylphe- 
noxy)butanoyl]thiophen-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-1522 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-dimethylphe- 
noxy)butanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2093 having formula (lla-3) : mono 2-amino-ethyl-4-[5-(4-phenylbutanoyl)thi- 
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ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2101 having formula (lla-3) : mono 2-amino-ethyl-4-[5-(5-phenylpentanoyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2109 having formula (lla-3) : mono 2-amino-ethyl-4-[5-(6-phenylhexanoyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2257 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[5-(3,4-difluorophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2258 having formula (!la-3) : mono2-amino-2-methyl-4-{5-[5-(3 t 5-difluorophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2259 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-chlorophenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2260 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dichlorophe- 
nyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2261 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-dichlorophe- 
nyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2262 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[5-(3,4-ditrifluorometh- 
ylphenyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2263 havingformula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-ditrifluorometh- 
ylphenyl)pent-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2264 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dimethoxyphe- 
nyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2265 havingformula (lla-3) : mono2-amino-2-methyl-4-(5-[5-(3,5-dimethoxyphe- 
nyl)pent-1 -ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2266 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4,5-trimethoxy- 
phenyl)pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2267 having formula (lla-3) : mono 2-amlno-2-methyl-4-{5-[5-(3-acetylphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2268 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-acetylphenyl) 
pent-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2269 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-fluorophenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2270 having formula (lla-3) : mono 2-amino-2-methyl-9-{5-[3-(3,4-difluorophe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2271 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,5-difluorophe- 
noxy)prop-1-ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2272 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-chlorophenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2273 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2274 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,4-dichlorophe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2275 having formula (lla-3) : mono 2-amino-2-methyl-4-(5-[3-(3,5-dichlorophe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2276 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-methylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2279 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,5-dimethylphe- 
noxy)prop-1 -ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2280 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-trifluoromethyl- 
phenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-2281 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[3-(3,4-ditrifluorometh- 
ylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2282 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,5-ditrifluorometh- 
ylphenoxy)prop-1 -ynylJthiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2283 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-methoxyphe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2284 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphe- 
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noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5*2285 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[3-(3,5-dimethoxyphe- 
noxyl)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2286 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3,4,5-trimethoxy- 
phenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2287 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2288 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2290 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-difluorophe- 
noxy)buM -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2291 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-difluorophe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2292 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-chlorophenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2293 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-dichlorophe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2294 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-dichlorophe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2295 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-di(trifluorome- 
thyl)phenoxy)but-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2296 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,5-di(trifluorome- 
thyl)phenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2297 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4-dimethoxyphe- 
noxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-2298 having formula (lla-3) :mono2-amino-2-methyl-4-{5-[4-(3 l 5-dimethoxyphen- 
axy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2299 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3,4,5-trimethoxy- 
phenoxy)buM-ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2300 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(3-acetylphenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2301 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(9-acetylphenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2328 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-fluorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2329 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-difluorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2330 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-difluorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2331 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-chlorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2332 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-chlorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2333 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dichlorophe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2334 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-dichlorophe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2335 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-methylphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2336 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dimethylphe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2337 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-dimethylphe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2338 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-trifluoromethyl- 
phenyl)pentanoyl]thiophen-2-yl}-1-butyl phosphate, 

Exemplification compound number 5-2339 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-ditrifluorometh- 
ylphenyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-2340 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,5-ditrifluorometh- 
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ylphenyl)pentanoyl]thiophen-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-2341 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3-methoxyphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2342 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4-dimethoxyphe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2343 havingformula (lla-3) : mono2-amino-2-methyl-4-{5-[5-(3,5-dimethoxyphe- 
nyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2344 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(3,4,5-trimethoxy- 
phenyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2345 having formula (lla-3) : mono 2-amino-2-methyl-4-(5-[5-(3-acetylphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, and 

Exemplification compound number 5-2346 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-acetylphenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate. 

[0105] The exemplification compound numbers of the most preferred compounds include: 

Exemplification compound number 5-84 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan- 

2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-770 having formula (lla-1): mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl) 
furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1072 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut- 
1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1331 having formula (lla-1) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpen- 
tanoyl)furan-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-1) : mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphe- 
noxy)prop-1 -ynyljf uran-2-yl)-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(5-phe- 
nylpent-1-ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number5-1 063 having formula (lla-2) : mono 2-amino-2-methyl-4-{1 -methyl-5-(3-(4-methyl) 
phenoxyprop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 072 havingformula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(4-cyclohex- 
yloxybut-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-2): mono 2-amino-2-methyl-4-{1-methyl- 
5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

Exemplificationcompoundnumber5-1344havingformula(lla-2) :mono2-amino-2-methyl-4-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1331 havingformula (lla-2) : mono2-amino-2-methyl-4-[1-methyl-5-(5-cyclohex- 
ylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1330 having formula (lla-2) : mono 2-amino-2-methyl-4-[1-methyl-5-(4-phenylb- 
utanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 329 having formula (lla-2) : mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohex- 
ylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-12 having formula (lla-4) : mono 2-amino-2-methyl-4-[1-ethyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-1 1 having formula (lla-4) : mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]-1-butyl phosphate, 

Exemplification compound number 7-10 having formula (lla-4): mono 2-amino-2-methyl-4-[1-ethyl-5-(4-phenylbu- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 7-9 having formula (lla-4) : mono 2-amino-2-methyl-4-[1-ethyl-5-(4-cyclohexylbu- 
tanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-71 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-98 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-152 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-400 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybutyl) 
thiophen-2-yl]-1 -butyl phosphate, 
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Exemplification compound number 5-463 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy) 
butyl)thiophne-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-479 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy) 
butyl]thiophne-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-594 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thi- 
ophne-2-yl]-1 -butyl phosphate, 

Exemplification compound number5-743 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylbut-1 -ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-756 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenylbut-1-ynyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-770 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-824 having formula (lla-3) : mono 
2-amino-2-methyl-9-[5-(5-phenylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 
Exemplification compound number 5-833 having formula (lla-3) : mono 
2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-849 having formula (!la-3) : mono 2-amino-2-methyl-4-{5-[5-(4-methoxyphenyl) 
pent-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 050 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[3-(4-methylcyclohex- 
yloxy)prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 
Exemplification compound number 5-1063 having formula (lla-3) : mono 
2-amino-2-methyl-4-{5-[3-(4-methylphenoxy)prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1064 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy) 
prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1068 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-methylthiophe- 
noxy)prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1072 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1135 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 139 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy) 
but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-1185 having formula (lla-3) : mono2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy- 
prop-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1266 having formula (lla-3): mono 2-amino-2-methyl-4-[5-(4-benzyloxybut- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1 329 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1330 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(4-phenylbutanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1331 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-cyclohexylpen- 
tanoyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1344 having formula (lla-3) : mono 2-amino-2-methyl-4-[5-(5-phenylpentanoyi) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1348 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl) 
pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-1 764 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thi- 
ophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-1909 having formula (lla-3): mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpent- 
1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2097 having formula (lla-3) : mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentanoyl) 
thiophen-2-yl]-1 -butyl phosphate, 

Exemplification compound number 5-2273 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy) 
prop-1 -ynyI]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number5-2276 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-methylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2278 having formula (lla-3) : mono 2-amino-2-methyl-4-(5-[3-(3,4-dimethylphe- 
noxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 
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Exemplification compound number 5-2283 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-methoxyphe- 
noxyl)prop-1 -ynyl}thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2284 having formula (lla-3) : mono2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphe- 
noxy)prop-1 -ynyl)thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2285 havingformula (lla-3) : mono2-amino-2-methyl-4-{5-[3-(3,5-dimethoxyphe- 
noxyl)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

Exemplification compound number 5-2287 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy) 
prop-1-ynyl]thiophen-2-yl}-1-butyi phosphate, and 

Exemplification compound number 5-2288 having formula (lla-3) : mono 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy) 
prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate. 

[0106] The exemplification compound numbers of preferred compounds having formula (III) in the table 5 (formula 
(llla-1), (llla-2) and (llla-3)), the table 6 (formula (lllb-1), (lllb-2) and (lllb-3), and the table 8 (formula (llla-4)) include: 
5-1 9, from 5-23 to 5-32, from 5-36 to 5-45, from 5-49 to 5-58, from 5-62 to 5-71 , from 5-75 to 5-84, from 5-88 to 5-1 02, 
from 5-106 to 5-156, from 5-160 to 5-214, from 5-218 to 5-268, from 5-272 to 5-321 , from 5-325 to 5-334, from 5-338 
to 5-347, from 5-351 to 5-360, from 5-364 to 5-373, from 5-377 to 5-386, from 5-390 to 5-404, from 5-408 to 5-458, 
from 5-462 to 5-513, from 5-51 7 to 5-526, from 5-530 to 5-544, from 5-548 to 5-598, from 5-602 to 5-657, 5-670, from 
5-674 to 5-683, 5-696, from 5-700 to 5-71 7, from 5-721 to 5-730, from 5-734 to 5-743, from 5-747 to 5-756, from 5-760 
to 5-774, from 5-778 to 5-828, from 5-832 to 5-886, from 5-890 to 5-940, from 5-944 to 5-993, from 5-997 to 5-1 006, 
from 5-1 01 0 to 5-101 9, 5-1 045, from 5-1 049 to 5-1 058, from 5-1 062 to 5-1 076, from 5-1 080 to 5-1 1 30, from 5-1 1 34 to 
5-11 85, from 5-1 1 89 to 5-1 1 98, from 5-1 202 to 5-1 208, from 5-1 21 2 to 5-1 21 6, from 5-1 220 to 5-1 270, from 5-1 274 to 
5-1331, from 5-1335 to 5-1344, from 5-1348 to 5-1357, from 5-1361 to 5-1370, from 5-1374 to 5-. 1387, from 5-1391 
to 5-1400, from 5-1404 to 5-141 8, from 5-1422 to 5-1472, from 5-1476 to 5-1527, from 5-1531 to 5-1540, from 5-1544 
to 5-1 558, from 5-1 562 to 5-1 612, from 5-1616 to 5-1 673, from 5-1 677 to 5-1 686, from 5-1 690 to 1 -1 699, from 5-1 703 
to 5-1 71 2, from 5-1 71 6 to 5-1 729, from 5-1 733 to 5-1 744, from 5-1 748 to 5-1 768, from 5-1 772 to 5-1 793, from 5-1 797 
to 5-1820, from 5-1824 to 5-1846, from 5-1850 to 5-1869, 5-1872, 5-1876, 5-1880, 5-1884, from 5-1888 to 5-1892, 
5-1 896, 5-1 900, from 5-1 908 to 5-1 91 3, from 5-1 91 7 to 5-1 939, from 5-1 943 to 5-1 966, from 5-1 970 to 5-1 991 , from 
5-1 995 to 5-201 3, 5-201 7, 5-2021 , 5-2025, 5-2029, 5-2033, from 5-2037 to 5-2042, from 5-2046 to 5-2068, from 5-2072 
to 5-2089, 5-2093, 5-2097, 5-2101, 5-2105, 5-2109, 5-2113, 5-2117, 5-2121, 5-2125, 5-2129, 5-2133, 5-2135, from 

5- 2139 to 5-2158, from 5-2161 to 5-2164, from 5-2185 to 5-2346, from 5-2398 to 5-2557, from 6-9 to 6-18, from 6-22 
to 6-43, from 6-47 to 6-70, from 6-74 to 6-96, from 6-100 to 6-119, 6-142, 6-146, 6-150, 6-154, from 6-158 to 6-163, 
from 6-1 67 to 6-1 83, from 6-1 85 to 6-1 89, from 6-1 93 to 6-21 6, from 6-220 to 6-241 , from 6-245 to 6-263, 6-267, 6-271 , 

6- 275, 6-279, 6-283, from 6-287 to 6-292, from 6-296 to 6-31 8, from 6-322 to 6-338, 6-343, 6-347, 6-351 , 6-371 , from 
6-375 to 6-377, from 6-381 to 6-407, from 6-416 to 6-511 , and from 8-9 to 8-12. 

[0107] The exemplification compound numbers of the more preferred compounds include: 

5-1 9, 5-32, from 5-36 to 5-45, 5-57, from 5-62 to 5-71 , 5-84, 5-88 , from 5-97 to 5-1 00, from 5-1 52 to 5-1 54, from 5-1 60 
to 5-214, from 5-21 8 to 5-227, from 5-264 to 5-268, from 5-272 to 5-321 , 5-334, 5-347, 5-360, 5-373, 5-386, from 5-390 
to 5-402, from 5-454 to 5-458, from 5-462 to 5-513, 5-526, from 5-530 to 5-542, from 5-594 to 5-598, from 5-602 to 
5-653, 5-743, 5-756, from 5-760 to 5-768, from 5-770 to 5-774, from 5-778 to 5-828, from 5-832 to 5-886, from 5-890 
to 5-940, from 5-944 to 5-993, 5-1045, 5-1058, from 5-1062 to 5-1074, from 5-1126 to 5-1130, from 5-1134 to 5-1185, 
5-1198, from 5-1202 to 5-1208, from 5-1212 to 5-1214, from 5-1266 to 5-1270, from 5-1274 to 5-1331, 5-1344, from 
5-1 348 to 5-1 357, 5-1 370, from 5-1 374 to 5-1 387, 5-1 400, from 5-1 404 to 5-1 41 6, from 5-1 468 to 5-1 472, from 5-1 476 
to 5-1527, 5-1540, from 5-1544 to 5-1556, from 5-1608 to 5-1612, from 5-1616 to 5-1666, 5-1729, 5-1742, 5-1744, 
from 5-1 759 to 5-1 767, from 5-1 789 to 5-1 793, from 5-1 797 to 5-181 8, from 5-1 842 to 5-1 846, 5-1 900, from 5-1 908 
to 5-1913, from 5-1935 to 5-1939, from 5-1943 to 5-1966, from 5-1987 to 5-1991, 5-2013, 5-2017, 5-2029, 5-2033, 
from 5-2037 to 5-2042, from 5-2064 to 5-2068, from 5-2072 to 5-2089, 5-2093, 5-2097, 5-2101, 5-21 05, 5-21 09, 5-21 29* 

5- 2133, 5-2135, from 5-2185 to 5-2346, from 5-2398 to 5-2557, 

from 6-1 1 to 6-1 8, from 6-39 to 6-43, from 6-47 to 6-70, from 6-1 85 to 6-1 89, from 6-1 93 to 6-216, from 6-287 to 6-292, 

6- 338, 6-343, 6-347, 6-351 , from 6-416 to 6-511 , and from 8-9 to 8-12. 

[0108] The exemplification compound numbers of the more preferred compounds include: 

5-45, 5-71 , 5-84, 5-88, from 5-97 to 5-1 00, from 5-152 to 5-154, from 5-160 to 5-206, from 5-209 to 5-212, from 5-264 
to 5-266, 5-334, 5-373, 5-386, from 5-390 to 5-402, from 5-454 to 5-458, from 5-462 to 5-485, 5-509, 5-510, 5-513, 
5-526, from 5-530 to 5-542, from 5-594 to 5-598, from 5-602 to 5-613, 5-649, 5-650, 5-743, 5-756, from 5-760 to 5-768, 
from 5-770 to 5-772, from 5-824 to 5-828, from 5-832 to 5-884, 5-936, 5-1045, 5-1058, from 5-1062 to 5-1074, from 
5-1 126 to 5-1 130, from 5-1 134 to 5-1 145, from 5-1 148 to 5-1 151, 5-1 162, 5-1 163, from 5-1 179 to 5-1182,5-1185,5-1198, 
from 5-1 202 to 5-1 208, 5-1 21 2, 5-1 21 3, 5-1 21 4, from 5-1 266 to 5-1 270, from 5-1 274 to 5-1 285, from 5-1 288 to 5-1 29 1 , 
from 5-1319 to 5-1322, from 5-1329 to 5-1331, 5-1344, from 5-1348 to 5-1357, 5-1370, 5-1387, 5-1400, from 5-1404 
to 5-1416, from 5-1468 to 5-1472, from 5-1476 to 5-1487, from 5-1490 to 5-1493, 5-1504, 5-1505, from 5-1521 to 
5-1 524, 5-1 527, 5-1 540, from 5-1 544 to 5-1 556, from 5-1 608 to 5-1 61 2, from 5-1616 to 5-1 627, 5-1 663, 5-1 664, 5-1 729, 
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5-1 742, 5-1 744, from 5-1 761 to 5-1 766, from 5-1 789 to 5-1 791 , from 5-1 81 5 to 5-1 818, 5-1 900, 5-1 909, 5-1 962, from 
5-2064 to 5-2066, 5-2089, 5-2093, 5-2097, 5-21 05, 5-21 33, from 5-221 6 to 5-2288, from 5-2290 to 5-2346, from 5-2398 
to 5-2557, and from 8-9 to 8-12. 

[0109] The exemplification compound numbers of the still more preferred compounds include: 

Exemplification compound number 5-84 having formula (illa-1) : 3-amino -3-methyl-5-[5-(5-phenylpentyl)furan-2-yl] 

pentylphosphonic acid, 

Exemplification compound number 5-770 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-cyclohexylpent-1-ynyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-824 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-phenylpent-1-ynyl)furan- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 063 having formula (llla-1 ) : 3-amino -3-methyl-5-{5-[3-(4-methylphenoxy)prop- 
1 -ynyl)furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1 072 having formula (llla-1) : 3-amino -3-methyl-5-[5-(4-cyclohexyloxybut-1 -ynyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1331 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentanoyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2278 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(3,4-dimethylphenoxy) 
prop-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-834 having formula (llla-1) : 3-amino -3-methyl-5-{5-[5-(4-chlorophenyl)pent- 
1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-846 having formula (llla-1) : 3-amino -3-methyl-5-{5-[5-(3-trifluoromethylphenyl) 
pent-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1065 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(4-trifluoromethylphe- 
noxy)prop-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2273 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(4-chlorophenoxy)prop- 
1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2280 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(3-trifluoromethylphe- 
noxy)prop-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2284 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(3,4-dimethoxyphenoxy) 
prop-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-824 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(5-phenylpent- 
1-ynyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1063 having formula (llla-2) : 3-amino -3-methyl-5-{1 -methyl-5-[3-(4-methyl)phe- 
noxyprop-1-ynyl]pyrrol-2-yl)pentylphosphonic acid, 

Exemplification compound number 5-1 072 having formula (llla-2) : 3-amino -3-methyl-5-[1 -methyl-5-(4-cyclohexyloxy- 
but-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2278 having formula (llla-2) : 3-amino -3-methyl-5-{1-methyl-5-[3-(3,4-dimethyl- 
phenoxy)prop-1 -ynyl]pyrrol-2-yl)pentylphosphonic acid, 

Exemplification compound number 5-84 having formula (llla-2) : 3-amino -3-methyl-5-[1 -methyl-5-(5-phenylpentyl)pyr- 
rol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1344 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2332 having formula (llla-2) : 3-amino -3-methyl-5-{1-methyl-5-[5-(4-chlorophe- 
nyl)pentanoyl]pyrrol-2-yl}pentylphosphonic acid, 

Exemplificationcompoundnumber5-2338havingformula(llla-2) : 3-amino -3-methyl-5-{1-methyl-5-[5-(3-trifluorometh- 
ylphenyl)pentanoyl]pyrrol-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1 331 havingformula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(5-cyc!ohexylpen- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1330 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(4-phenylbu- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1329 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(4-cyclohexylbu- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-12 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(5-phenylpentanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-11 having formula (llla-4): 3-amino -3-methyl-5-[1-ethyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]pentylphosphon ic acid, 

Exemplification compound number 8-10 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(4-phenylbutanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 
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Exemplification compound number 8-9 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(4-cyclohexylbutanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-71 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylbutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-84 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-phenylbutyl)thiophen-2-yl] 
pentylphosphonic acid, 

Exemplification compound number 5-98 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-152 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenylpentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-21 0 having formula (Mla-3) : 3-amino -3-methyl-5-[5-(6-cyclohexylhexyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-264 having formula (llla-3) : 3-amino -3-methyl-5-[5-(6-phenylhexyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-373 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-cyclohexyloxypropyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-386 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-phenoxypropyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-400 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexyloxybutyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-454 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-phenoxybutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-509 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-cyclohexyloxypentyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-510 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenoxypentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-51 3 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-cyclohexylmethoxypropyl) 
thiophen-2-yl]pentylphosphontc acid, 

Exemplification compound number 5-1329 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylbutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1330 having formula (llla-3): 3-amino -3-methyl-5-[5-(4-phenyIbutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1331 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentanoyl) 
thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1344 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenylpentanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1357 having formula (llla-3) : 3-amino -3-methyl-5-[5-(6-cyclohexylhexanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1370 having formula (llla-3): 3-amino -3-methyl-5-[5-(6-phenylhexanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 387 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-cyclohexyloxypropanoyl) 
thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1400 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-phenoxypropanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1414 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexyloxybutanoyl) 
thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1468 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-phenoxybutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 523 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-cyclohexyloxypentanoyl) 
thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1524 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenoxypentanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1527 having formula (llla-3) : 3-amino -3-methyl-5-[5-(3-cyclohexylmethoxypro- 
panoyl)thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 729 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylmethoxyphe- 
nyl)thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 742 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylethoxyphenyl) 
thiophen-2-yl]pentylphosphonic acid, 
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Exemplification compound number 5-1744 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-benzyloxyphenyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 761 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(4-cyclohexyIbutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number5-1 764 having formula (llla-3) : 3-amino -3-ethy!-5-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 81 6 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(6-cyclohexylhexyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2089 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(4-cyclohexylbutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2097 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, and 

Exemplification compound number 5-2105 having formula (llla-3) : 3-amino -3-ethyl-5-(5-(6-cyclohexylhexanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, and 

Exemplification compound number 5-463 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-fluorophenoxy)butyl] 
thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-479 havingformula (llla-3) : 3-amino -3-methyl-5-{5-(4-(4-methoxyphenoxy)butyl] 
thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-594 havingformula (llla-3) : 3-amino -3-methyl-5-[5-(4-benzyloxybutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1348 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-fluorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1349 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-methylphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1350 having formula (llla-3): 3-amino -3-methyl-5-{5-[5-(4-ethylphenyl)pen- 
tanoyl]thiaphen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1 351 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-trifluoromethylphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1352 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-methoxyphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonicacid, 

Exemplification compound number 5-1353 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-ethoxyphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonicacid, 

Exemplification compound number5-1 354 having formula (llla-3): 3-amino -3-methyl-5-{5-[5-(4-methylthiophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonicacid, 

Exemplification compound number 5-1476 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3-fluorophenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonicacid, 

Exemplification compound number 5-1477 having formula (llla-3) : 3-amino -3-methyl-5-(5-[4-(4-fluorophenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1478 having formula (llla-3) : 3-amino -3-rnethyl-5-{5-[4-(4-chlorophenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1480 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3-methylphenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1481 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-methylphenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1490 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3-trifluoromethylphe- 
noxy)butanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1491 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-trifluoromethylphe- 
noxy)butanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1 492 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3-methoxyphenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1493 havingformula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-methoxyphenoxy)bu- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1504 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3-methylthiophenoxy) 
butanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1505 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-methylthiophenoxy) 
butanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1521 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3,4-dimethylphenoxy) 
butanoyl]thiophen-2-yl}pentylphosphonic acid, 



EP 1 471 054 A1 

Exemplification compound number 5-1522 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(3,5-dimethylphenoxy) 
butanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2093 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(4-phenylbutanoyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-21 01 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(5-phenylpentanoyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2109 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(6-phenylhexanoyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2328 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-fluorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2329 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,4-difluorophenyl)pen- 
tanoyl]thiophen-2-yl)pentylphosphonic acid, 

Exemplification compound number 5-2330 having formula (llla-3) : 3-amino -3-methyl-5-{5-(5-(3,5-difluorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2331 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-chlorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2332 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-ch!orophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2333 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,4-dichlorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number5-2334 having formula (llla-3) : 3-amino -3-methyl-5-{5-(5-(3.5-dichlorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2335 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-methylphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2336 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,4-dimethylphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2337 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,5-dimethylphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2338 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-trifluoromethylphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number5-2339 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,4-ditrifluoromethylphe- 
nyl)pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplificationcompoundnumber5-2340havingformula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,5-ditrifluoromethylphe- 
nyl)pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2341 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-methoxyphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2342 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,9-dimethoxyphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2343 having formula (llla-3) : 3-amino -3-methyl-5-(5-[5-(3,5-dimethoxyphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2344 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3,9,5-trimethoxyphenyl) 
pentanoyl]thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-2345 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(3-acetylphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid, and 

Exemplification compound number 5-2346 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-acetylphenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonic acid. 

[0110] The exemplification compounds numbers of the most preferred compounds include: 

Exemplification compound number 5-84 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-phenylpentyl)furan-2-yi] 

pentylphosphonic acid, 

Exemplification compound number 5-770 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-cyclohexylpent-1-ynyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-824 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-phenylpent-1-ynyl)furan- 
2-yl]pentylphosph6nic acid, 

Exemplification compound number 5-1 072 having formula (llla-1) : 3-amino -3-methyl-5-[5-(4-cyclohexyloxybut-1 -ynyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1331 having formula (llla-1) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentanoyl) 
furan-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2278 having formula (llla-1) : 3-amino -3-methyl-5-{5-[3-(3,4-dimethylphenoxy) 
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prop-1 -ynyl]furan-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-824 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(5-phenylpent- 
1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 063 having formula (llla-2) : 3-amino -3-methyl-5-{1-methyl-5-[3-(4-methyl)phe- 
noxyprop-1 -ynyl]pyrrol-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1 072 having formula (llla-2) : 3-amino -3-methyl-5-[1 -methyl-5-(4-cyclohexyloxy- 
but-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-2278 having formula (llla-2) : 3-amino -3-methyl-5-{1-methyl-5-[3-(3,4-dimethyl- 
phenoxy)prop-1 -ynyi]pyrrol-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-1344 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(5-phenylpen- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1 331 having formula (llla-2) : 3-amino -3-methyl-5-[1 -methyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1330 having formula (llla-2): 3-amino -3-methyl-5-[1-methyl-5-(4-phenylbu- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1329 having formula (llla-2) : 3-amino -3-methyl-5-[1-methyl-5-(4-cyclohexylbu- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-12 having formula (IIIa-4) : 3-amino -3-methyl-5-[1-ethyl-5-(5-phenylpentanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-11 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(5-cyclohexylpen- 
tanoyl)pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-10 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(4-phenylbutanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 8-9 having formula (llla-4) : 3-amino -3-methyl-5-[1-ethyl-5-(4-cyclohexylbutanoyl) 
pyrrol-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-71 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylbutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-98 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-152 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenylpentyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-400 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexyloxybutyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-463 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-fluorophenoxy)butyl) 
thiophen-2-yl)pentylphosphonic acid, 

Exemplification compound number 5-479 having formula (llla-3) : 3-amino -3-methyl-5-{5-[4-(4-methoxyphenoxy)butyl] 
thiophen-2-yl}pentylphosphonic acid, 

Exemplification compound number 5-594 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-benzyloxybutyl)thiophen- 
2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1329 having formula (llla-3) : 3-amino -3-methyl-5-[5-(4-cyclohexylbutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1330 having formula (llla-3): 3-amino -3-methyl-5-[5-(4-phenylbutanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1331 having formula (illa-3) : 3-amino -3-methyl-5-[5-(5-cyclohexylpentanoyl) 
thiophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1344 having formula (llla-3) : 3-amino -3-methyl-5-[5-(5-phenylpentanoyl)thi- 
ophen-2-yl]pentylphosphonic acid, 

Exemplification compound number 5-1348 having formula (llla-3) : 3-amino -3-methyl-5-{5-[5-(4-fluorophenyl)pen- 
tanoyl]thiophen-2-yl}pentylphosphonicacid, 

Exemplification compound number 5-1 764 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(5-cyclohexylpentyl)thiophen- 
2-yl]pentylphosphonic acid, and 

Exemplification compound number 5-2097 having formula (llla-3) : 3-amino -3-ethyl-5-[5-(5-cyclohexylpentanoyl)thi- 
ophen-2-yl]pentylphosphonic acid. 

[Mode for carrying out the invention] 

[01 1 1 ] The compounds of formulae (I), (II) and (III) of the present invention can be prepared according to the methods 
described hereinafter. 
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(Method A) 

[0112] Method A is a process for the preparation of compounds of formula (I) which include compounds of formula 
(Ic) wherein Y is an ethynylene group, compounds of formula (Id) wherein Y is a vinylene group, compounds of formula 
(le) wherein Y is an ethylene group, compounds of formula (If) wherein Y is a group of formula -CO-CH 2 -, compounds 
of formula (Ig) wherein Y is a group of formula -CH(OH)- and compounds of formula (Ih) wherein Y is an aryl group or 
an aryl group substituted with from 1 to 3 substituents selected from Substituent group (a). 
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[0113] In the above reaction scheme R1, R2, R3 R4 R 5 ( R 6 f R 7 t X| z, and n have the same meanings as those 
indicated hereinbefore. R 8 represents a bromine or iodine atom. R 5 a represents the same meanings as those indicated 
for R 5 or is a group corresponding to R 5 wherein it may have one or more protected amino, hydroxyl, and/or carboxyl 
groups when the R 5 group has one or more amino, hydroxyl and/or carboxyl groups. Ring Y a represents an aryl group 
or an aryl group substituted with from 1 to 3 substituents selected from Substituent group (a). 
[0114] The protecting group of the amino group in the definition of R 5 a is not particularly restricted, provided that the 
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protecting group of the amino group can generally be used in organic chemistry, and has the same meanings as those 
indicated hereinbefore. The protecting group of the amino group is preferably a lower alkoxycarbonyl group and most 
preferably a tert-butoxycarbonyl group. 

[0115] The protecting group of the hydroxyl group in the definition of R 5 a is not particularly restricted, provided that 
5 the protecting group of the hydroxyl group can generally be used in organic chemistry and, for example, has the same 
meanings as those indicated in the definition of the "general protecting group in chemical reactions related to the ester 
of a hydroxyl group". The protecting group of the hydroxyl group is preferably a lower aliphatic acyl group, aromatic 
acyl group, lower alkoxycarbonyl group or (lower alkoxy) methyl group; more preferably a lower aliphatic acyl group 
or (lower alkoxy)methyl group and most preferably an acetyl or methoxymethyl group. 
10 [0116] The protecting group of the carboxyl group in the definition of R 5 a is not particularly restricted, provided that 
the protecting group of the carboxyl group can generally be used in organic chemistry, and has, for example, the same 
meanings as those indicated in the definition of the "general protecting group in chemical reactions related to the ester 
of a carboxyl group". The protecting group of the carboxyl group is preferably a lower alkyl group and most preferably 
a methyl group. 

15 

Step A1 

[0117] Step A1 is a process for the preparation of compounds of general formula (V). Step A1 is accomplished by 
the reaction of a compound of general formula (IV) with a brominating or iodinating agent in the presence or absence 
20 of a base in an inert solvent. 

[0118] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, can be a halogenated hydrocarbon such as dichloromethane, chloroform, 
carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ether such as diethyl ether, diisopropyl 
ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; or an amide such as forma- 
ts mide, N,N-dimethylformamide, N.N-dimethylacetamide, or hexamethylphosphorictriamide. In the bromination reaction 
the inert solvent is preferably an amide (most preferably N,N-dimethylformamide). In the iodination reaction the inert 
solvent is preferably a halogenated hydrocarbon (most preferably dichloromethane or chloroform). 
[0119] The brominating reagent employed in the above reaction is not particularly restricted and, for example, can 
be a brominating reagent described in "Comprehensive Organic Transformation" (Larlock, VCH, page from 316 to 
30 31 7). The preferred brominating reagent is N-bromosuccinimide. 

[0120] The iodinating reagent employed in the above reaction is not particularly restricted and, for example, can be 
an iodinating reagent described in "Comprehensive Organic Transformation" (Larlock, VCH, page from 317 to 318). 
The preferred iodinating reagent is iodine. 

[0121] The base employed in the above reaction is not particularly restricted provided that it has no adverse effect 
35 on substituent(s) other than halogen atoms, and can be, for example, an alkali metal carbonate such as lithium car- 
bonate, sodium carbonate, or potassium carbonate; an alkali metal hydrogencarbonate such as lithium hydrogencar- 
bonate, sodium hydrogencarbonate, or potassium hydrogencarbonate; a metal alkoxide such as lithium methoxide, 
sodium methoxide, sodium ethoxide, or potassium tert-butoxide; an organic amine such as triethylamine, tributylamine, 
diisopropylethylamine, N-methylmorpholine, pyridine, 2,6-iutidine, 4-(N,N-dimethylamino)pyridine, N,N-dimethyl- 
40 aniline, N,N-diethylaniline, 1 ,5-diazabicyclo[9.3.0]non-5-ene, 1 ,4-diazabicyclo[2,2,2]octane (DABCO), or 1 ,8-diazabi- 
cyclo[5.4.0]undec-7-ene (DBU); or an organometallic base such as butyllithium, lithium diisopropylamide (LDA) or 
lithium bis(trimethylsilyl)amide; or a combination of the bases indicated hereinbefore. The base is preferably an organic 
amine (most preferably pyridine). 

[0122] The reaction temperature depends on the starting material, the brominating or iodinating reagent, the solvent 
45 and the like employed in the above reaction and is generally between - 78°C and 150°C, preferably between -20°C 
and 100°C (most preferably between 0°C and 60°C). 

[0123] The reaction time depends on the reaction temperature, the starting material, the reagent and the solvent 
employed in the above reaction and is generally from 5 minutes to 60 hours, preferably from 15 minutes to 24 hours 
(most preferably from 30 minutes to 4 hours). 

so [0124] After the reaction, the desired compound of Step A1 and those of Steps A2 ~ A7 described hereinafter can 
be isolated from the reaction mixture by conventional treatments, for example, neutralization of the reaction mixture, 
if necessary, or filtration of the reaction mixture when insoluble material is present in the reaction mixture, addition of 
a solvent immiscible with water such as ethyl acetate to the neutralized solution or the filtrate, washing the resulting 
organic layer with water, separation of the organic layer containing the desired compound, drying of the organic layer 

55 over anhydrous magnesium sulfate, anhydrous sodium sulfate or the like, and then evaporation of the organic solvent 
to give the desired product. The product thus obtained, if necessary, is further purified by conventional treatments, for 
example by recrystallization or reprecipitation, or by conventional procedures in organic chemistry, for example, ab- 
sorption column chromatography using carrier such as silica gel, alumina, or Florisil consisting of magnesium and silica 
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gel; partition column chromatography using a synthetic absorbent such as Sephadex LH-20 (product of Pharmacia 
Co., Ltd.), Amberlite XAD-11 (product of Rohm & Hass Co., Ltd.), or Diaion HP-20 (product of Mitsubishi Chemicals 
Co., Ltd.); ion exchange chromatography; normal phase or reversed phase column chromatography using silica gel 
or alkylated silica gel (preferably high performance liquid column chromatography); or an appropriate combination of 
these chromatographic techniques; and elution using an appropriate solvent to isolate and purify the desired product. 

Step A2 

[0125] Step A2 is a process for the preparation of compounds of general formula (Ic). Step A2 is accomplished by 
the Sonogashira coupling reaction of a compound of general formula (V) with a compound of formula (VI) in the presence 
of a base and a palladium catalyst in an inert solvent under an atmosphere of nitrogen, followed by removal, if necessary, 
of one or more protecting groups of the hydroxy!, amino and/or carboxyl group. 

[0126] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ester such as 
ethyl formate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a ketone such as ace- 
tone, methyl ethyl ketone, methyl isobutyl ketone, isophorone, or cyclohexanone; a nitrile such as acetonitrile or iso- 
butyronitrile; an amidesuch asformamide, N,N-dimethylformamide, N.N-dimethylacetamide, orhexamethylphosphoric 
triamide; a sulfoxide such as dimethyl sulfoxide or a sulfone such as sulfolane. The inert solvent is preferably an ether, 
an amide or a sulfoxide (most preferably an ether or amide). In some cases the presence of a small amount of water 
in the solvent may enhance the rate of the reaction. 

[0127] The base employed in the above reaction is not particularly restricted provided that it can generally be used 
for the Sonogashira coupling reaction and, for example, is an alkali metal carbonate such as lithium carbonate, sodium 
carbonate, or potassium carbonate; an alkali metal hydrogencarbonate such as lithium hydrogencarbonate, sodium 
hydrogencarbonate, or potassium hydrogencarbonate; an alkali metal hydride such as lithium hydride, sodium hydride, 
or potassium hydride; an alkali metal hydroxide such as lithium hydroxide, sodium hydroxide, or potassium hydroxide; 
an alkali metal alkoxide such as lithium methoxide, sodium methoxide, sodium ethoxide, or potassium tert-butoxide: 
or an organic amine such as triethylamine, tributylamine, diisopropylethylamine, N-methylmorpholine, pyridine, 4-(N, 
N-dimethylamino)pyridine, N,N-dimethylaniline, N.N-diethylaniline, 1 ,5-diazabicyclo[4.3.0]non-5-ene, 1 ,4-diazabicyclo 
[2,2,2]octane (DABCO), or 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU). The base is preferably an organic amine (most 
preferably triethylamine). 

[0128] The palladium catalyst employed above reaction is not particularly restricted provided that it can generally be 
used in the Sonogashira coupling reaction and, for example, can be a palladium salt such as palladium acetate, pal- 
ladium chloride, palladium carbonate; a palladium salt complex such as dichlorobis(triphenylphosphine)palladium com- 
plex which is complexed by a ligand; or palladium-charcoal. In addition, copper (I) iodide and/or benzyltriethylammo- 
nium chloride as an additive reagent can increase the yield of the desired product. 

[0129] The reaction temperature depends on the starting material, base, solvent and the like employed in the above 
reaction and is generally between -20°C and 200°C, (preferably between 0°C . and 1 20°C). 

[01 30] The reaction time depends on the starting material, base, solvent, reaction temperature, and the like employed 
in the above reaction and is generally from 5 minutes to 48 hours (preferably from 15 minutes to 24 hours). 
[0131] The removal of the protecting groups of the hydroxyl, amino and/or carboxyl group in R 1 , R 2 , and R 3 , is carried 
out by the same procedure as that indicated hereinafter in the removal of the protecting group in Step A7. 
[0132] If necessary, the desired product (Ic) of Step A2 can be isolated and purified by conventional procedures, for 
example, recrystallization or reprecipitation or by conventional purification procedures in organic chemistry, for exam- 
ple, an appropriate combination of various chromatographic techniques and elution using an appropriate solvent. 

Step A3 

[0133] Step A3 is a process for the preparation of compounds of general formula (Id). Step A3 is accomplished by 
a reduction reaction (preferably catalytic reduction under an atmosphere of hydrogen) of a compound of general formula 
(Ic) in an inert solvent, followed by removal, if necessary, of one or more protecting groups of the hydroxyl, amino and/ 
or carboxyl group. The removal of said protecting group is carried out by the same procedure as that indicated here- 
inafter in the removal of the protecting group in Step A7. 

[0134] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as dichlo- 
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romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ester such as 
methyl acetate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), 
glycerin, octanol, cyclohexanol, or methyl cellosolve; an organic acid such as acetic acid or hydrochloric acid; water; 
or a mixture of water and a solvent indicated hereinbefore. The inert solvent is preferably an ether or alcohol (most 
preferably methanol). 

[0135] The catalyst employed in the above catalytic reduction is not particularly restricted provided that it can gen- 
erally be used for the reduction of a triple bond to a double bond, and preferably is a palladium-type catalyst such as 
palladium - calcium carbonate, palladium - aluminum oxide, palladium - charcoal, or palladium - barium sulfate, or a 
rhodium-type catalyst such as rhodium - aluminum oxide. The more preferred catalyst is palladium - calcium carbonate. 
In addition, the catalyst employed in the above reaction can be deactivated by the addition of a basic aromatic compound 
such as pyridine or quinoline; or an amine such as ammonia or triethylamine (preferably quinoline) in the solvent in 
order to accomplish reduction of an ethynylene group to a vinylene group and to avoid reduction of an ethynylene 
group to an ethylene group. 

[01 36] The pressure of hydrogen is not particularly restricted. It is generally between from 1 to 1 0 atmospheric pres- 
sures, and preferably 1 atmospheric pressure. 

[0137] The reaction temperature depends on the starting material, catalyst, solvent and the like employed in the 
above reaction and is generally between -20°C and 200°C, (preferably between 0°C and 100°C). 
[0138] The reaction time depends on the starting material, catalyst, solvent, reaction temperature, and the like em- 
ployed in the above reaction and is generally from 5 minutes to 96 hours (preferably from 15 minutes to 72 hours) . 
[0139] If necessary, the desired product (Id) of Step A3 can be isolated and purified by conventional procedures, for 
example recrystallization or reprecipitation, or by conventional purification procedures in organic chemistry, for exam- 
ple, an appropriate combination of various chromatographic techniques and elution using an appropriate solvent. 

Step A4 

[0140] Step A4 is a process for the preparation of compounds of general formula (le). Step A4 is accomplished by 
a reduction reaction (preferably catalytic reduction under an atmosphere of hydrogen) of a compound of general formula 
(Id) in an inert solvent, followed by removal, if necessary, of one or more protecting groups of the hydroxyl, amino and/ 
or carboxyl group. The removal of said protecting group is carried out by the same procedure as that indicated here- 
inafter in the removal of the protecting group in Step A7. 

[0141] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, can be the same solvent as that indicated in Step A3 hereinbefore. The inert 
solvent is preferably an ester, ether or alcohol (most preferably ethyl acetate or methanol). 

[0142] The catalyst employed in the above catalytic reduction is not particularly restricted provided that it can gen- 
erally be used for catalytic reductions and, for example, can be a mixture or compound of palladium such as palladium 
- charcoal, palladium black, palladium hydroxide, or palladium - barium sulfate; a platinum compound such as platinum 
oxide or platinum black; a mixture of a rhodium compound such as rhodium - aluminum oxide or triphenylphosphine - 
rhodium chloride; or a type of nickel such as Raney nickel. 

[0143] The pressure of hydrogen is not particularly restricted. It is generally between from 1 to 1 0 atmospheric pres- 
sures, and preferably 1 atmospheric pressure. 

[0144] The reaction temperature depends on the starting material, catalyst, solvent and the like employed in the 
above reaction and is generally between -20°C and 200°C, (preferably between 0°C and 100°C). 
[0145] The reaction time depends on the starting material, catalyst, solvent, reaction temperature, and the like em- 
ployed in the above reaction and is generally from 5 minutes to 96 hours (preferably from 15 minutes to 72 hours). 
[0146] If necessary, the desired product (le) of Step A4 can be isolated and purified by conventional procedures, for 
example recrystallization or reprecipitation, or by conventional purification procedures in organic chemistry, for exam- 
ple, an appropriate combination of various chromatographic techniques and elution using an appropriate solvent. 

Step A3a 

[0147] Step A3a is a process for the preparation of compounds of general formula (le) without employing the two 
steps of Step A3 and Step A4. Step A3a is accomplished by a reduction reaction (preferably catalytic reduction under 
an atmosphere of hydrogen) of a compound of general formula (Ic) in an inert solvent, followed by removal, if necessary, 
of one or more protecting groups of the hydroxyl, amino and/or carboxyl group. 

[01 48] The inert solvent and catalyst employed in the above reduction reaction are not particularly restricted provided 
that they can be generally used in catalytic reduction reactions, and they can be the same solvent and catalyst as 
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those Indicated in Step A4. 

[0149] The pressure of hydrogen is not particularly restricted. It is generally between from 1 to 1 0 atmospheric pres- 
sures, and preferably 1 atmospheric pressure. 

[0150] The reaction temperature depends on the starting material, catalyst, solvent and the like employed in the 
above reaction and is generally between -20°C and 200°C, (preferably between 0°C and 100°C). 
[0151] The reaction time depends on the starting material, catalyst, solvent, reaction temperature, and the like em- 
ployed in the above reaction and is generally from 5 minutes to 96 hours (preferably from 15 minutes to 72 hours). 

Step A5 

[0152] Step A5 is a process for the preparation of compounds of general formula (If). Step A5 is accomplished by 
an addition reaction of water to a compound of general formula (Ic) in an inert solvent using an acid catalyst, followed 
by removal, if necessary, of one or more protecting groups of the hydroxyl, amino and/or carboxyl group. The removal 
of said protecting group is carried out by the same procedure as that indicated hereinafter in the removal of the protecting 
group in Step A7. 

[0153] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ester such as 
ethyl formate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), 
glycerin, octanol, cyclohexanol, or methyl cellosolve; a ketone such as acetone, methyl ethyl ketone, methyl isobutyl 
ketone, isophorone, or cyclohexanone; water; or a mixture of the solvents indicated hereinbefore. The inert solvent is 
preferably an alcohol. 

[0154] The acid catalyst employed in the above reaction is not particularly restricted provided that it can generally 
be used as an acid catalyst and can be a Bronsted acid, for example, an inorganic acid such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, perchloric acid, or phosphoric acid; or an organic acid such as acetic acid, formic acid, 
oxalic acid, methanesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid, or trifluorometh- 
anesulfonic acid; or , for example, a Lewis acid such as zinc chloride, tin tetrachloride, boron trichloride, boron trifluoride, 
or boron tribromide; or an acidic ion-exchange resin. The acid catalyst is preferably an inorganic acid. 
[0155] The reaction temperature depends on the starting material, catalyst, solvent and the like employed in the 
above reaction and is generally between -20°C and 200°C, (preferably between 0°C and 100°C). 
[0156] The reaction time depends on the starting material, catalyst, solvent, reaction temperature, and the like em- 
ployed in the above reaction and is generally from 5 minutes to 96 hours (preferably from 15 minutes to 72 hours). 

Step A6 

[0157] Step A6 is a process for the preparation of compounds of general formula (Ig). Step A6 is accomplished by 
reduction of the CO group of a compound of general formula (If) to a -CH(OH) group in an inert solvent, followed by 
removal, if necessary, of one or more protecting groups of the hydroxyl, amino and/or carboxyl group. The removal of 
said protecting group is carried out by the same procedure as that indicated hereinafter in the removal of the protecting 
group in Step A7. 

[0158] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as chloroform, 
dichloromethane, 1 ,2-dichloroethane, or carbon tetrachloride; an ether such as diethyl ether, diisopropyl ether, tetrahy- 
drofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as methanol, ethanol, n- 
propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cy- 
clohexanol, or methyl cellosolve. The inert solvent is preferably an ether or alcohol (most preferably methanol or eth- 
anol). 

[0159] The reducing agent employed in the above reaction is not particularly restricted provided that it can reduce 
a CO group to a CH(OH) group and, for example, is an alkali metal borohydride such as sodium borohydride, lithium 
borohydride, or sodium cyanoborohydride; or an aluminum hydride compound such as diisobutylaluminum hydride, 
lithium aluminum hydride, or lithium triethoxyaluminum hydride. The reducing agent is preferably an alkali metal boro- 
hydride (most preferably sodium borohydride). 

[0160] The reaction temperature depends on the starting material, reducing agent, solvent and the like employed in 
the above reaction and is generally between -10°C and 100°C, (preferably between -20°C and 20°C). 
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[0161] The reaction time depends on the starting material, reducing agent, solvent, reaction temperature, and the 
like employed in the above reaction and is generally from 10 minutes to 48 hours (preferably from 30 minutes to 12 
hours). 

Step A7 

[0162] Step A7 is a process for the preparation of compounds of general formula (Ih). Step A7 is accomplished by 
the Suzuki coupling reaction of a compound of general formula (V) with a compound of general formula (Vila) or (Vllb), 
followed by removal, if necessary, of one or more protecting groups of the hydroxyl, amino and/or carboxyl group. The 
removal of said protecting group is carried out by the same procedure as that indicated hereinafter in the removal of 
the protecting group in Step A7. 

[01 63] The reaction temperature depends on the starting material, solvent and the like employed in the above reaction 
and is generally between 0°C and 150°C (preferably between 10°C and 100°C). 

[0164] The reaction time depends on the starting material, solvent, reaction temperature, and the like employed in 
the above reaction and is generally from 15 minutes to 24 hours (preferably from 30 minutes to 12 hours). 
[0165] The solvent, base and palladium catalyst employed in the above reaction are the same as those indicated 
for the Sonogashira coupling reaction in Step A2 hereinbefore. 

[0166] If necessary, the desired product (Ih) of Step A7 can be isolated and purified by conventional procedures, for 
example recrystallization or reprecipitation, or by conventional purification procedures in organic chemistry, for exam- 
ple, an appropriate combination of various chromatographic techniques and elution using an appropriate solvent. 
[0167] The reaction conditions for removing the protecting group depend on the protecting group of the hydroxyl, 
amino and/or carboxyl group. The removal reaction of these protecting groups can be carried out by procedures known 
to those skilled in organic chemistry, for example, indicated by T.W.Green (Protective groups in Organic Synthesis, 
John Wiley & Sons) and J.F.W.McOmis (Protective groups in Organic Chemistry, Plenum Press) and, for example, can 
be accomplished by the following procedures. 

[0168] When the protecting group of the amino group is a silyl group, said protecting group can be usually removed 
by treatment with a compound which can produce fluoride ions, such as tetrabutylammonium fluoride, hydrofluoric 
acid, hydrofluoric acid - pyridine, or potassium fluoride. 

[0169] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is preferably an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, 
dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether. 

[0170] The reaction temperature and reaction time are not particularly restricted and are generally between 0°C and 
50°C and from 10 minutes to 18 hours. 

[0171] When the protecting group of the amino group is an aliphatic acyl, aromatic acyl, or alkoxycarbonyl group or 
a substituted methylene group which can form a Schiff base, said protecting group can be removed by treatment with 
a base or acid in the presence of a solvent containing water. 

[0172] The acid employed in the above reaction is not particularly restricted provided that it has no adverse effect 
on the reaction and can generally be used as an acid, and, for example, is an inorganic acid such as hydrobromic acid, 
hydrochloric acid, sulfuric acid, perchloric acid, phosphoric acid or nitric acid and preferably hydrochloric acid. 
[0173] The base employed in the above reaction is not particularly restricted provided that it has no adverse effect 
on the reaction and can generally be used as a base, and, for example, is an alkali metal carbonate such as lithium 
carbonate, sodium carbonate, or potassium carbonate; an alkali metal hydroxide such as lithium hydroxide, sodium 
hydroxide, or potassium hydroxide; a metal alkoxide such as lithium methoxide, sodium methoxide, sodium ethoxide, 
or potassium tert-butoxide; or a form of ammonia such as aqueous ammonia solution, or concentrated ammonia in 
methanol; and is preferably an alkali metal hydroxide. 

[0174] The inert solvent employed in the above reaction is not particularly restricted provided that it can generally 
be used in hydrolysis reactions and, for example, is an alcohol such as methanol, ethanol, n-propanol, isopropanol, 
n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cyclohexanol, or methyl cel- 
losolve; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene 
glycol) dimethyl ether; water; or a mixture of water and a solvent indicated hereinbefore. The inert solvent is preferably 
a mixture of an ether or alcohol and water (most preferably a mixture of tetrahydrofuran, dioxane, ethanol or methanol 
and water). 

[0175] The reaction temperature and reaction time depend on the starting material, solvent, acid or base and the 
like employed in the above reaction and are not particularly restricted. They are generally between 0°C and 150°C 
and from 1 hour to 10 hours respectively in order to avoid side reactions. 

[0176] When the protecting group of the amino group is an aralkyl or aralkyloxycarbonyl group, said protecting group 
can usually be removed by treatment with a reducing agent (preferably by catalytic reduction in the presence of a 
catalyst at room temperature) or an oxidizing agent in an inert solvent. 
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[0177] The inert solvent employed in the above catalytic reduction is not particularly restricted provided that it has 
no adverse effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or 
petroleum ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; an ester such as methyl acetate, ethyl 
acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diisopropyl ether, tetrahy- 
drofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as methanol, ethanol, n- 
propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, dl(ethylene glycol), glycerin, octanol, cy- 
clohexanol, or methyl cellosolve; an organic acid such as acetic acid; water; or a mixture of water and a solvent indicated 
hereinbefore. The inert solvent is preferably an alcohol, ether, organic acid or water (most preferably an alcohol or 
organic acid). 

[0178] The catalyst employed in the above catalytic reduction is not particularly restricted provided that it can gen- 
erally be used for catalytic reductions, and is preferably palladium - charcoal, Raney nickel, platinum oxide, platinum 
black, rhodium - aluminum oxide, triphenylphosphine - rhodium chloride or palladium - barium sulfate. 
[0179] The pressure of hydrogen is not particularly restricted. It is generally between from 1 to 1 0 atmospheric pres- 
sures. 

[0180] The reaction temperature and reaction time depend on the starting material, catalyst, solvent and the like 
employed in the above reaction and are generally between 0°C and 1 00°C and from 5 minutes to 24 hours respectively. 
[0181] The inert solvent in the removal reaction using an oxidizing agent is not particularly restricted provided that 
it has no adverse effect on the reaction and, for example, is a halogenated hydrocarbon such as chloroform, dichlo- 
romethane, 1 ,2-dichloroethane, or carbon tetrachloride; a nitrile such as acetonitrile; an ether such as diethyl ether, 
diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a ketone such as 
acetone; an amide such as formamide, dimethylformamide, dimethylacetamide, or hexamethylphosphorictriamide; a 
sulfoxide such as dimethyl sulfoxide; or sulfolane. The inert solvent is preferably a halogenated hydrocarbon, ether or 
sulfoxide (most preferably a halogenated hydrocarbon or sulfoxide). 

[0182] The oxidizing agent employed in the above reaction is not particularly restricted provided that it can usually 
be used as an oxidizing agent and has no adverse effect on the reaction, and is preferably potassium persulfate, sodium 
persulfate, eerie ammonium nitrate (CAN), or 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ). 
[0183] The reaction temperature and reaction time depend on the starting material, catalyst, solvent and the like 
employed in the above reaction and are generally between 0°C and 1 50°C and from 1 0 minutes to 24 hours respectively. 
[0184] In addition, when the protecting group of the amino group is an aralkyl group, said protecting group can be 
also removed by treatment with an acid in an inert solvent. 

[0185] The acid employed in the above reaction is not particularly restricted provided that it can generally be used 
as an acid catalyst and is, for example, a Br<|>nsted acid (for example, an inorganic acid such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, perchloric acid, or phosphoric acid; or an organic acid such as acetic acid, formic acid, 
oxalic acid, methanesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid, or trifluorometh- 
anesulfonic acid); or a Lewis acid such as zinc chloride, tin tetrachloride, boron trichloride, boron trifluoride, or boron 
tribromide; or an acidic ion-exchange resin. The acid is preferably an inorganic or organic acid (most preferably hy- 
drochloric acid, acetic acid or trifluoroacetic acid). 

[0186] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as chloroform, 
dichloromethane, 1 ,2-dichloroethane, or carbon tetrachloride; an ester such as methyl acetate, ethyl acetate, propyl 
acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 
dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as methanol, ethanol, n-propanol, isopropanol, 
n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cyclohexanol, or methyl cel- 
losolve; an amide such as formamide, dimethylformamide, dimethylacetamide, or hexamethylphosphoric triamide; wa- 
ter; or a mixture of the solvents indicated hereinbefore. The inert solvent is preferably an ether, alcohol, or water (most 
preferably dioxane, tetrahydrofuran, ethanol or water). 

[0187] The reaction temperature depends on the starting material, acid, solvent and the like employed in the above 
reaction and is generally between -20°C and the boiling point of the solvent (preferably between 0°C and 100°C). 
[0188] The reaction time depends on the starting material, acid, solvent, reaction temperature, and the like employed 
in the above reaction and is generally from 15 minutes to 48 hours (preferably from 30 minutes to 20 hours). 
[0189] When the protecting group of the amino group is an alkenyloxycarbonyl group, said protecting group can 
usually be removed using a base by the same procedure as indicated hereinbefore for the aliphatic acyl, aromatic acyl, 
or alkoxycarbonyl group or substituted methylene group which can form a Schiff base, all of which are protecting groups 
for the amino group. 

[0190] In addition, when the protecting group of the amino group is allyloxycarbonyl group, the reaction to remove 
said protecting group can easily be carried out with fewer side reactions using palladium and triphenylphosphine or 
nickel tetracarbonyl. 
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[0191] When the protecting group of the hydroxyl group is a silyl group, said protecting group can be usually removed 
by treatment with a compound which can produce fluoride ions, such as tetrabutylammonium fluoride, hydrofluoric 
acid, hydrofluoric acid - pyridine, or potassium fluoride; an inorganic acid such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, perchloric acid, or phosphoric acid; or an organic acid such as acetic acid, formic acid, oxalic acid, meth- 
5 anesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, trifluoroacetic acid, or trifluoromethanesulfonic acid 
(preferably hydrochloric acid). 

[0192] The inert solvent employed in the removal of the protecting group with fluoride ions is not particularly restricted 
provided that it has no adverse effect on the reaction, and is preferably an ether such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a nitrile such as acetonitrile or iso- 
10 butyronitrile; an organic acid such as acetic acid; water; or a mixture of the solvents indicated hereinbefore. The solvent 
is preferably tetrahydrofuran. 

[0193] In addition, when the protecting group is removed with fluoride ions, the addition of an organic acid such as 
formic acid, acetic acid, or propionic acid increases the rate of the reaction and avoids decomposition of the desired 
product and can give good yields of the product. 
15 [0194] In the removal reaction of the protecting group with fluoride ions, the reaction temperature and reaction time 
depend on the starting material, catalyst, solvent and the like employed in the above reaction and are generally between 
0°C and 100°C (preferably 10°C and 50°C) and from 1 hour to 24 hours respectively. 

[0195] In the removal reaction of the protecting group with an inorganic or organic acid, the removal reaction can be 
accomplished using an inorganic or organic acid using the same conditions as those indicated for the case where the 
20 protecting group of the amino or imino group is an aralkyl group. 

[0196] When the protecting group of the hydroxyl group is an aralkyl or aralkyloxycarbonyl group, the removal of the 
protecting group is preferably accomplished by treatment with a reducing agent (preferably by catalytic reduction in 
the presence of a catalyst at room temperature) or an oxidizing agent in an inert solvent. 

[0197] In the removal reaction of the protecting group by catalytic reduction, the inert solvent is not particularly re- 
25 stricted provided that it has no adverse effect on the reaction and, for example, is the same inert solvent as that indicated 
in the case that the protecting group of the amino or imino group is an aralkyl or aralkyloxycarbonyl group and can be 
removed by catalytic reduction. The solvent is preferably an alcohol (most preferably methanol). 
[0198] In the removal reaction of the protecting group by catalytic reduction, the catalyst is not particularly restricted 
provided that it can usually be used for catalytic reductions, and, for example, is the same catalyst as that indicated in 
30 the case that the protecting group of the amino or imino group is an aralkyl or aralkyloxycarbonyl group and can be 
removed by catalytic reduction. The preferred catalyst is palladium - charcoal. 

[0199] The pressure is not particularly restricted. It is generally between from 1 to 1 0 atmospheric pressures. 
[0200] The reaction temperature and reaction time depend on the starting material, catalyst, solvent and the like 
employed in the above reaction and are generally between 0°C and 100°C (preferably 20°C and 70°C) and from 5 

35 minutes to 48 hours (preferably from 1 hour to 24 hours) respectively. 

[0201] In the removal reaction of the protecting group with an oxidizing agent, the solvent is not particularly restricted 
provided that it has no adverse effect on the reaction and, for example, is the same inert solvent as that indicated in 
the case that the protecting group of the amino group is an aralkyl or aralkyloxycarbonyl group and can be removed 
by treatment with an oxidizing reagent. 

40 [0202] In the removal reaction of the protecting group with an oxidizing agent, the oxidizing agent is not particularly 
restricted provided that it can usually be used for oxidation reactions and, for example, is the same reagent as that 
indicated in the case that the protecting group of the amino group is an aralkyl or aralkyloxycarbonyl group and can 
be removed by treatment with an oxidizing agent. 

[0203] The reaction temperature and reaction time depend on the starting material, catalyst, solvent and the like 
45 employed in the above reaction and are generally between 0°C and 1 50°C and from 1 0 minutes to 24 hours respectively. 
[0204] When the protecting group of the hydroxyl group is an aralkyl or aralkyloxycarbonyl group, the removal of the 
protecting group can be also accomplished by treatment with an alkali metal such as metallic lithium or sodium in liquid 
ammonia or in an alcohol such as methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, iso- 
amyl alcohol, di(ethylene glycol), glycerin, octanol, cyclohexanol, or methyl cellosolve at between -78°C and 0°C. 
so [0205] In addition, when the protecting group of the hydroxyl group is an aralkyl or aralkyloxycarbonyl group, the 
removal of the protecting group can be accomplished by treatment with aluminium chloride - sodium iodide or an 
alkylsilyl halide such as trimethylsilyl iodide in a solvent. 

[0206] In the removal reaction of the protecting group with aluminum chloride - sodium iodide or an alkylsilyl halide, 
the solvent employed in the reaction is not particularly restricted provided that it has no adverse effect on the reaction, 
55 and preferably includes an halogenated hydrocarbon such as dichloromethane, chloroform, or carbon tetrachloride; a 
nitrile such as acetonitrile or a mixture of the solvents indicated hereinbefore. 

[0207] The reaction temperature and reaction time of the removal reaction using aluminum chloride - sodium iodide 
or an alkylsilyl halide depend on the starting material, solvent and the like employed in the reaction and are generally 
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between 0°C and 50°C and from 5 minutes to 72 hours respectively. 

[0208] In addition, when a substrate contains one or more sulfur atoms, aluminum chloride - sodium iodide is pref- 
erably used. 

[0209] When the protecting group of the hydroxyl group is an aliphatic acyl, aromatic acyl or alkyoxycarbonyl group, 
the removal of the protecting group can be accomplished by treatment with a base in a solvent. 
[0210] The base employed in the above reaction is not particularly restricted provided that it can be usually used as 
a base and has no adverse effect on the reaction, and is, for example, an alkali metal carbonate such as lithium 
carbonate, sodium carbonate, or potassium carbonate; an alkali metal hydrogencarbonate such as lithium hydrogen- 
carbonate, sodium hydrogencarbonate, or potassium hydrogencarbonate; an alkali metal hydroxide such as lithium 
hydroxide, sodium hydroxide or potassium hydroxide; a metal alkoxide such as lithium methoxide, sodium methoxide, 
sodium ethoxide, or potassium tert-butoxide; or an ammonia solution such as aqueous ammonia or concentrated am- 
monia in methanol. The base is preferably an alkali metal hydroxide, a metal alkoxide or an ammonia solution (most 
preferably an alkali metal hydroxide or a metal alkoxide). 

[0211] The solvent employed in the above reaction is not particularly restricted provided that it can be usually used 
for hydrolysis reactions and, for example, is preferably an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, 
dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as methanol, ethanol, n-propanol, 
isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cyclohexanol, 
or methyl cellosolve; water; or a mixture of the solvents indicated hereinbefore. 

[0212] The reaction temperature and reaction time depend on the starting material, base, solvent and the like em- 
ployed in the reaction and are generally between -20°C and 150°C and from 1 hour to 10 hours respectively in order 
to avoid side reactions. 

[0213] When the protecting group of the hydroxyl group is an alkoxymethyl, tetrahydropyranyl, tetrahydrothiopyranyl, 
tetrahydrofuranyl, tetrahydrothiofuranyl, or substituted ethyl group, the removal of the protecting group is accomplished 
by treatment with an acid in an inert solvent. 

[0214] The acid employed in the above reaction is not particularly restricted provided that it can be usually used as 
a Br<tmsted or Lewis acid and is preferably a Br<|)nsted acid, for example, an inorganic acid such as hydrogen chloride, 
hydrochloric acid, sulfuric acid, nitric acid; or an organic acid such as acetic acid, trifluoroacetic acid, methanesulfonic 
acid, or p-toluenesulfonic acid; or a Lewis acid such as boron trifluoride. The acid is more preferably hydrochloric acid 
or acetic acid. In the above reaction a strong-acidic cation ion-exchange resin such as Dowex 50W can be also used. 
[0215] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as benzene, toluene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichioroethane, chlorobenzene, or dichlorobenzene; an ester such as 
ethyl formate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), 
glycerin, octanol, cyclohexanol, or methyl cellosolve; a ketone such as acetone, methyl ethyl ketone, methyl isobutyl 
ketone, isophorone, or cyclohexanone; water; or a mixture of the solvents indicated hereinbefore. The solvent is pref- 
eraby an ether (most preferably tetrahydrofuran) or an alcohol (most preferably methanol). 

[0216] The reaction temperature and reaction time depend on the starting material, acid, solvent and the like em- 
ployed in the reaction and are generally between -10°C and 200°C (preferably between 0°C and 150°C) and from 5 
minutes to 48 hours (preferably from 30 minutes to 10 hours) respectively. 

[0217] When the protecting group of the hydroxyl group is an alkenyloxycarbonyl group, the removal of the protecting 
group can usually be accomplished by treatment with a base according to the same conditions as those indicated 
hereinbefore in the case that the protecting group of the hydroxyl group is an aliphatic acyl, aromatic acyl or alkoxy- 
carbonyl group. 

[0218] In addition, when protecting group of the hydroxyl group is an ailyloxycarbonyl group, the protecting group 
can easily be removed with fewer side reactions by using palladium and triphenylphosphine or bis(methyldiphenyl- 
phosphine)(1,5-cyclooctadiene)iridium (I) hexafluorophosphate. 

[021 9] When the protecting group of the carboxyl group is a lower alkyl group, or a lower alkyl group substituted with 
from 1 to 3 aryl groups wherein the aryl group may optionally be substituted with one or more lower alkyl, lower alkoxy, 
nitro group(s), halogen atom(s), or cyano group(s), the removal of the protecting group can usually be accomplished 
by treatment with a base according to the same conditions as those indicated hereinbefore in the case that the protecting 
group of the hydroxyl group is an aliphatic acyl, aromatic acyl or alkoxycarbonyl group. 

[0220] When there are protecting groups of the amino, hydroxyl and/or carboxyl groups in the compounds indicated 
in the method A, the order of the removal reactions of the protecting groups of the amino, hydroxyl and/or carboxyl 
groups can be arbitrarily selected and the removal reactions can be carried out in order of precedence. 
[0221] In addition, if it is necessary to separate isomers, which are obtained in each step of method A, each isomer 
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can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
step in method A, or after removal of the protecting group in each step in method A. 

[0222] The starting materials of formula (VI) and (VII) are known or can be prepared according to similar procedures 
to those known to those skilled in the art. 

(Method B) 

[0223] Method B is a process for the preparation of compounds of formula (IV), which are intermediates for the 
preparation of compounds of formula (I) of the present invention. 



Method B 




(IV) 

[0224] In the above reaction scheme R 1 , R 2 , R 3 , R 4 , R 6 , R 7 , and X have the same meanings as those indicated 
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hereinbefore. The group of formula -NR 1 b R 2 b represents an amino group protected with a protecting group having a 
carbonyl group. R 9 represents a C r C 20 alkyl group, a C 2 -C 20 alkyl group interrupted with one or more heteroatoms, 
a C r C 20 alkyl group substituted with one or more aryl groups or aromatic heterocyclic groups, a C 2 -C 20 alkynyl group, 
a C3-C2Q alkynyl group interrupted with one or more heteroatoms, a C 2 -C 20 alkynyl group substituted with one or more 
aryl groups or aromatic heterocyclic groups, a C 2 -C 20 alkeny! group, a C 3 -C 20 alkenyl group interrupted with one or 
more heteroatoms, a C 2 -C 20 alkenyl group substituted with one or more aryl groups or aromatic heterocyclic groups, 
a C 2 -C 20 alkyl group interrupted with one or more heteroatoms substituted with one or more aryl groups or aromatic 
heterocyclic groups, or a C 3 -C 10 cycloalkyl group, m represents an integer of from 0 to 4. Ph represents a phenyl group. 
Q represents a halogen atom (preferably a chlorine, bromine or iodine atom). 

[0225] The "C^C^ alkyl group" in the above definition of R 9 is, for example, a straight or branched chain alkyl group 
having from one to twenty carbon atoms such as a "lower alkyl group" indicated hereinbefore, heptyl, 1-methylhexyl, 
2-methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 1-propylbutyl, 4,4-dimethylpentyl, octyl, 1-methylheptyl, 

2- methylheptyl, 3-methylheptyl, 4-methylheptyl, 5-methylheptyl, 6-methylheptyl, 1-propylpentyl, 2-ethylhexyl, 

5.5- dimethylhexyl, nonyl, 3-methyloctyl, 4-methyloctyl, 5-methyloctyl, 6-methyloctyl, 1-propyIhexyl, 2-ethylheptyl, 

6.6- dimethylheptyl, decyl, 1-methylnonyl, 3-methylnonyl, 8-methylnonyl, 3-ethyloctyl, 3,7-dimethyloctyl, 7,7-dimethyl- 
octyl, undecyl, 4,8-dimethylnonyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 3,7,1 1-trimethyldodecyl, hexadecyl, 
4,8, 1 2-trimethyltridecyl, 1-methylpentadecyl, 14-methylpentadecyl, 13,13-dimethyltetradecyl, heptadecyl, 15-methyl- 
hexadecyl, octadecyl, 1-methylheptadecyl, nonadecyl, icosyl, or 3,7,11,15-tetramethylhexadecyl; and is preferably a 
C r C 10 alkyl group. 

[0226] The "C 2 -C 20 alkyl group interrupted with one or more heteroatoms" in the above definition of R 9 represents 
a C 2 -C 20 alkyl group interrupted with one or more heteroatoms, wherein the "C 2 -C 20 alkyl group" is included in the 
" c r c 20 a{k y' group" indicated hereinbefore and the alkyl group is interrupted with the same or different one or two 
sulfur, oxygen or nitrogen atoms, and is, for example, a C 2 -C 20 alkyl group interrupted with one or two sulfur atoms 
such as methylthiomethyl, 1-methylthioethyl, 2-methylthioethyl, ethylthiomethyl, 1-methylthiopropyl, 2-methylthiopro- 
pyl, 3-methylthiopropyl, 2-ethylthioethyl, 2-methyl-2-methylthioethyl, 1-methylthiobutyl, 2-methylthiobutyl, 3-methylth- 
iobutyl, 2-ethylthiopropyl, 3-methyl-3-methylthiopropyl, 4-methylthiopentyl, 3-methylthiopentyl, 2-methylthiopentyl, 

1- methylthiopentyl, 3,3-dimethylthiobutyl, 2,2-dimethylthiobutyl, 1 ,1-dimethylthiobutyl, 1-methyl-2-methylthiobutyl, 
1 ,3-dimethylthiobutyl,2,3,-dimethylthiobutyl, 2-ethylthiobutyl, 1-methylthiohexyl, 2-methylthiohexyl, 3-methylthiohexyl, 
4-methylthiohexyl, 5-methylthiohexyl, 1-propylthiobutyl, 4-methyl-4-methylthiopentyl, 1-methylthioheptyl, 2-methylth- 
ioheptyl, 3-methylthioheptyl, 4-methylthioheptyl, 5-methylthioheptyl, 6-methylthioheptyl, 1-propylthiopentyl, 2-ethylth- 
iohexyl, 5-methyl-5-methylthiohexyl, 3-methylthiooctyl, 4-methylthiooctyl, 5-methylthiooctyl, 6-methylthiooctyl, 1-pro- 
pylthiohexyl, 2-ethylthioheptyl, 6-methyl-6-methylthioheptyl, 1-methylthiononyl, 3-methylthiononyl, 8-methylthiononyl, 

3- ethylthiooctyl, 3-methyl-7-methylthiooctyl, 7,7-dimethylthiooctyl, 4-methyl-8-methylthiononyl, 3,7-dimethyl-11-meth- 
ylthiododecyl, 4,8-dimethyl-12-methylthiotridecyl, 1-methylthiopentadecyl, 14-methylthiopentadecyl, 13-methyl- 
13-methylthiotetradecyl, 15-methylthiohexadecyl, 1-methylthioheptadecyl or 3,7,1 1-trimethyl-15-methylthiohexadecyl; 

a C 2 -C 20 alkyl group interrupted with one or two oxygen atoms such as methyloxymethyl, 1-methyloxyethyl, 

2- methyloxyethyl, ethyloxymethyl, 1-methyloxy propyl, 2-methyloxypropyl, 3-methyloxypropyl, 2-ethyIoxyethyl, 2-me- 
thyl-2-methyloxy ethyl, 1 -methyloxybutyl, 2-methyloxybutyl, 3-methyloxybutyl, 2-ethyloxypropyl, 3-methyl-3-methyloxy- 
propyl, 4-methyloxypentyl, 3-methyloxypentyl, 2*methyloxypentyl, 1 -methyloxypentyl, 3,3-dimethyloxybutyl, 
2,2-dimethyloxybutyl, 1,1-dimethyloxybutyl, 1 -methyl-2-methyloxy butyl, 1,3-dimethyloxybutyl, 2,3,-dimethyloxybutyl, 
2-ethyloxybutyl, 1-methyloxyhexyl, 2-methyloxyhexyl, 3-methyloxyhexyl, 4-methyloxyhexyl, 5-methyloxyhexyl, 1-pro- 
pyloxybutyl, 4-methyl-4-methyloxypentyl, 1-methyloxyheptyl, 2-methyloxyheptyl, 3-methyloxyheptyl, 4-methyloxyhep- 
tyl, 5-methyloxyheptyl, 6-methyloxyheptyl, 1-propyloxypentyl, 2-ethyloxyhexyl, 5-methyl-5-methyloxyhexyl, 3-methyl- 
oxyoctyl, 4-methyloxyoctyl, 5-methyloxyoctyl, 6-methyloxyoctyl, 1-propyloxyhexyl, 2-ethyloxyheptyl, 6-methyl-6-meth- 
yloxyheptyl, 1-methyloxy nonyl, 3-methyloxynonyl, 8-methyloxynonyl, 3-ethyloxyoctyl, 3-methyl-7-methyloxyoctyl, 

7.7- dimethyloxyoctyl, 4-methyl-8-methyloxynonyl, 3,7-dimethyl-11-methyloxydodecyl, 4,8-dimethyl-12-methyloxytri- 
decyl, 1-methyloxypentadecyl, 14-methyloxypentadecyl, 13-methyl-13-methyloxytetradecyl, 15-methyloxyhexadecyl, 
1-methyloxyheptadecyl or 3,7,11 -trimethyl-15-methyloxyhexadecyl; 

a C 2 -C 20 alkyl group interrupted with one or two nitrogen atoms such as N-methylaminomethyl, 1-(N-methylami- 
no)ethyl t 2-(N-methylamino) ethyl, N-ethylaminomethyl, 1-(N-methylamino)propyl, 2-(N-methylamino)propyl, 3-(N- 
methylamino)propyl, 2-(N-ethylamino)ethyl, 2-(N,N-dimethylamino)ethyl, 1-(N-methylamino)butyl, 2-(N-methylamino) 
butyl, 3-(N-methylamino)butyl, 2-(N-ethylamino)propyl, 3-(N,N-dimethylamino)propyl, 4-(N-methylamino)pentyl, 3-(N- 
methylamino)pentyl, 2-(N-methylamino)pentyl, 1-(N-methylamino)pentyl, 3-(N,N-dimethylamino)butyl, 2-(N,N-dimeth- 
ylamino)butyl, 1-(N,N-dimethylamino)butyl, 1-methyl-2-(N-methylamino)butyl, 1,3-di(N-methylamino)butyl, 2,3,-di(N- 
methylamino)butyl, 2-(N-ethylamino)butyl, 1-(N-methylamino)hexyl, 2-(N-methylamino)hexyl, 3-(N-methylamino) 
hexyl, 4-(N-methylamino)hexyl, 5-(N-methylamino)hexyl, 1-(N-propylamino)butyl, 4-methyl-4-(N-methylamino)pentyl, 
1-(N-methylamino)heptyl, 2-(N-methylamino)heptyl, 3-(N-methylamino)heptyl, 4-(N-methylamino)heptyl, 5-(N-methyl- 
amino)heptyl, 6-(N-methylamino)heptyl, 1-(N-propylamino)pentyl, 2-(N-ethylamino)hexyl, 5-methyl-5-(N-methylami- 
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no)hexyl, 3-(N-methylamino)octyl, 4-(N-methylamino)octyl, 5-(N-methylamino)octyl, 6-(N-methylamino)octyl, 1-(N- 
propylamino)hexyl, 2-(N-ethylamino)heptyl, 6-methyl-6-(N-methylamino)heptyl, 1-(N-methylamino)nonyI, 3-(N-meth- 
ylamino)nonyl, 8-(N-methylamino)nonyl, 3-(N-ethylamino)octyl, 3-methyl-7-(N-methylamino)octyl, 7,7-di(N-methyl- 
amino)octyl, 4-methyl-8-(N-methylamino)nonyl, 3,7-dimethyl-11-(N-methylamino)dodecyl, 4,8-dimethyl-12-(N-methyl- 
amino)tridecyl, 1 -(N-methylamino)pentadecyl, 1 4-(N-methylamino)pentadecyl, 1 3-methyl-1 3-(N-methylamino)tetrade- 
cyl, 15-(N-methylamino)hexadecyl, 1-(N-methylamino)heptadecyl or 3,7 l 11-tnmethyl-15-(N-methylamino)hexadecyl. 
The alkyl group interrupted with one or more heteroatoms is preferably a C 2 -C 10 alkyl group interrupted with one or 
more heteroatoms. 

[0227] The "C 1 -C 20 alkyl group substituted with one or more aryl groups or aromatic heterocyclic groups' 1 in the above 
definition of R 9 represents the above-indicated "C 1 -C 20 alkyl group" substituted with from 1 to 3 aryl or aromatic het- 
erocyclic groups which are the same or different and have the same meanings as those indicated hereinbefore. 
[0228] The "C 2 -C 2 o alkynyl group" in the above definition of R 9 is, for example, a straight or branched chain alkynyl 
group having from two to twenty carbon atoms such as ethynyl, 2-propynyl, 1 -methyl-2-propynyl, 2-methyl-2-propynyl, 
2-ethyl-2-propynyl, 2-butynyl, 1 -methyl-2-butynyl, 2-methyl-2-butynyl, 1 -ethyl-2-butynyl, 3-butynyl, 1 -methyl-3-butynyl, 

2- methyl-3-butynyl, 1-ethyl-3-butynyl, 2-pentynyl, 1-methyl-2-pentynyl, 2-methyl-2-pentynyl, 3-pentynyl, 1-methyl- 

3- pentynyl, 2-methyl-3-pentynyl, 4-pentynyl, 1-methyl-4-pentynyl, 2-methyl-4-pentynyl, 2-hexynyl, 3-hexynyl, 4-hexy- 
nyl, 5-hexynyI, heptynyl, 1-methylhexynyl, 2-methylhexynyl, 3-methylhexynyl, 4-methylhexynyl, 5-methylhexynyl, 

1- propylbutynyl, 4,4-dimethylpentynyl, octynyl, 1-methylheptynyl, 2-methylheptynyl, 3-methylheptynyl, 4-methylhepty- 
nyl, 5-methylheptynyl, 6-methy I heptynyl, 1-propylpentynyl, 2-ethylhexynyl, 5,5-dimethylhexynyl, nonynyl, 3-methyloc- 
tynyl, 4-methyloctynyl, 5-methyloctynyl, 6-methyloctynyl, 1-propylhexynyl, 2-ethylheptynyl, 6,6-dimethylheptynyl, de- 
cynyl, 1-methylnonynyl, 3-methylnonynyl, 8-methylnonynyl, 3-ethyloctynyl, 3,7-dimethyloctynyf, 7,7-dimethyloctynyl, 
undecynyl, 4,8-dimethylnonynyl, dodecynyl, tridecynyl, tetradecynyl, pentadecynyl, 3,7,11 -trimethyldodecynyl, hexa- 
decynyl, 4,8,1 2-trimethyltridecynyl, 1-methylpentadecynyl, 14-methylpentadecynyl, 13,13-dimethyltetradecynyl, hep- 
tadecynyl, 15-methylhexadecynyl, octadecynyl, 1-methylheptadecynyl, nonadecynyl, icosynyl, or 3,7,1 1,1 5-tetrame- 
thylhexadecynyl, and is preferably a C^C^ alkynyl group. 

[0229] The "C 3 -C 20 alkynyl group interrupted with one or more heteroatoms" in the above definition of R 9 represents 
a C 3 -C 20 alkynyl group interrupted with one or more heteroatoms, wherein the "C 3 -C 20 alkynyl group" is included in 
the "CyC 20 alkynyl group" indicated hereinbefore and the alkynyl group is interrupted with the same or different one 
or two sulfur, oxygen or nitrogen atoms, and is, for example, a C 3 -C 20 alkynyl group interrupted with one or two sulfur 
atoms such as 1-methylthioethynyl, 2-methylthioethynyl, 1-methylthiopropynyl, 2-methylthiopropynyl, 3-methylthiopro- 
pynyl, 2-ethylthioethynyl, 2-methyl-2-methylthioethynyl, 1-methylthiobutynyl, 2-methylthiobutynyl, 3-methylthiobutynyl, 

2- ethylthiopropynyl, 3-methyl-3-methylthiopropynyl, 4-methylthiopentynyl, 3-methylthiopentynyl, 2-methylthiopentynyl, 
1-methylthiopentynyl, 3,3-dimethylthiobutynyl, 2,2-dimethylthiobutynyl, 1 ,1-dimethylthiobutynyl, 1-methyl-2-methylth- 
iobutynyl, 1 ,3-dimethylthiobutynyl, 2,3,-dimethylthiobutynyl, 2-ethylthiobutynyl, 1-methylthiohexynyl, 2-methylthiohex- 
ynyl, 3-methylthiohexynyl, 4-methylthiohexynyl, 5-methylthiohexynyl, 1-propylthiobutynyl, 4-methyl-4-methylthiopen- 
tynyl, 1-methylthioheptynyl, 2-methylthioheptynyl, 3-methylthioheptynyl, 4-methylthio heptynyl, 5-methylthioheptynyl, 
6-methylthioheptynyl, 1-propylthiopentynyl, 2-ethylthiohexynyl, 5-methyl-5-methylthiohexynyl, 3-methylthiooctynyl, 

4- methylthiooctynyl, 5-methylthiooctynyl, 6-methylthiooctynyl, 1-propylthiohexynyl, 2-ethylthioheptynyl, 6-methyl- 

6- methylthioheptynyl, 1-methylthiononynyl, 3-methylthiononynyl, 8-methylthiononynyl, 3-ethylthiooctynyl, 3-methyl- 

7- methylthiooctynyl, 7,7-dimethylthiooctynyl, 4-methyl-8-methylthiononynyl, 3,7-dimethyl-11 -methylthiododecynyl, 
4,8-dimethyl-12-methylthiotridecynyl, 1-methylthiopentadecynyl, 14-methylthiopentadecynyl, 13-methyl-13-methylthi- 
otetradecynyl, 15-methylthiohexadecynyl, 1-methylthioheptadecyny! or 3,7,11 -trimethyl-15-methylthiohexadecynyl; 

a C 3 -C 20 alkynyl group interrupted with one or two oxygen atoms such as 1 -methyloxyethynyl, 2-methyloxyethy- 
nyl, 1-methyloxypropynyl, 2-methyloxypropynyl, 3-methyloxypropynyl, 2-ethyloxyethynyl, 2-methyl-2-methyloxyethy- 
nyl, 1-methyloxybutynyl, 2-methyloxybutynyl, 3-methyloxybutynyl, 2-ethyloxypropynyl, 3-methyl-3-methyloxypropynyl, 

4- methyloxyopentynyl, 3-methyloxypentynyl, 2-methyloxypentynyl, 1-methyloxypentynyl, 3,3-dimethyloxybutynyl, 
2,2-dimethyloxybutynyl, 1,1-dimethyloxybutynyl, 1 -methyl-2-methyloxybutynyl, 1,3-dimethyloxybutynyl, 2,3,-dimethy- 
loxybutynyl, 2-ethyloxybutynyl, 1-methyloxyhexynyl, 2-methyloxyhexynyl, 3-methyloxyhexynyl, 4-methyloxyhexynyl, 

5- methyloxyhexynyl, 1-propyloxybutynyl, 4-methyl-4-methyloxypentynyl, 1-methyloxyheptynyl, 2-methyloxyheptynyl, 

3- methyloxyheptynyl, 4-methyloxyheptynyl, 5-methyloxyheptynyl, 6-methyloxyheptynyl, 1-propyloxypentynyl, 2-ethyl- 
oxyhexynyl, 5-methyl-5-methyloxyhexynyl, 3-methyloxyoctynyl, 4-methyloxyoctynyl, 5-methyloxyoctynyl, 6-methyloxy- 
octynyl, 1-propyloxyhexynyl, 2-ethyloxyheptynyl, 6-methyl-6-methyloxyheptynyl, 1-methyloxynonynyl, 3-methyl- 
oxynonynyl, 8-methyloxynonynyl, 3-ethyloxyoctynyl, 3-methyl-7-methyloxyoctynyl, 7,7-dimethyloxyoctynyl, 4-methyl- 

8- methyloxynonynyl, 3,7-dimethyl-11-methyloxydodecynyl, 4 I 8-dimethyl-12-methyloxytridecynyl, 1 -methyloxypenta- 
decynyl, 14-methyloxypentadecynyl, 13-methyl-13-methyloxytetradecynyl, 15-methyloxyhexadecynyl, 1-methyloxy- 
heptadecynyl or 3,7,1 1-trimethyl-15-methyloxyhexadecynyl; or 

a C 3 -C 20 alkynyl group interrupted with one or two nitrogen atoms such as 1-(N-methylamino)ethynyl, 2-(N- 
methylamino)ethynyl, 1-(N-methylamino)propynyl, 2-(N-methylamino)propynyl, 3-(N-methylamino)propynyl, 2-(N- 
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ethylamino)ethynyl, 2-(N J N-dimethylamino)ethynyI, 1-(N-methylamino)butynyl, 2-(N-methylamino)butynyl, 3-(N-meth- 
ylamino)butynyl, 2-(N-ethylamino)propynyl, 3-(N l N-dimethylamino)propynyl, 4-(N-methylamino)pentynyl l 3-(N-meth- 
ylamino)pentynyl, 2-(N-methylamino)pentynyl, 1-(N-methylamino)pentynyl, 3-(N,N-dimethylamino)butynyl, 2-(N,N- 
dimethylamino)butynyl, 1-(N,N-dimethylamino)butynyI, 1-methyl-2-(N-methylamino)butynyl, 1 ,3-di(N-methylamino) 
butynyl, 2 > 3,-di(N-methylamino)butynyl > 2-(N-ethylamino)butynyl, 1-(N-methylamino)hexynyl, 2-(N-methylamino)hex- 
ynyl, 3-(N-methylamino)hexynyl, 4-(N-methylamino)hexynyl, 5-(N-methylamino)hexynyl, 1-(N-propylamino)butynyl, 
4-methyl-4-(N-methylamino)pentynyl, 1 -(N-methylamino)heptynyl, 2-(N-methylamino)heptynyl, 3-(N-methylamino) 
heptynyl, 4-(N-methylamino)heptynyl, 5-(N-methylamino)heptynyl, 6-(N-methylamino)heptynyl, l-(N-propylamino) 
pentynyl, 2-(N-ethylamino)hexynyl, 5-methyl-5-(N-methylamino)hexynyl, 3-(N-methylamino)octynyl, 4-(N-methylami- 
no)octynyl, 5-(N-methylamino)octynyl, 6-(N-methylamino)octynyl, 1-(N-propylamino)hexynyl, 2-(N-ethylamino)hepty- 
nyl, 6-methyl-6-(N-methylamino)heptynyl, 1-(N-methylamino)nonynyl, 3-(N-methylamino)nonynyl, 8-(N-methylamino) 
nonynyl, 3-(N-ethylamino)octynyl, 3-methyl-7-(N-methylamino)octynyl, 7,7-di(N-methylamino)octynyl, 4-methyl-8-(N- 
methylamino)nonynyl, 3,7<limethyl-11-(N-methylamino)dodecynyl, 4,8-dimethyl-12-(N-methylamino)tridecynyl, 1-(N- 
methylamino)pentadecynyl, 14-(N-methylamino)pentadecynyl, 13-methyM3-(N-methylamino)tetradecynyl, 15-(N- 
methylamino)hexadecynyl, 1-(N-methylamino)heptadecynyl or 3,7,11 -trimethyl-15-(N-methylamino)hexadecynyl; 
preferably a C 3 -C 10 alkynyl group interrupted with one or more heteroatoms. 

[0230] The "C 2 -C 20 alkynyl group substituted with one or more aryl groups or aromatic heterocyclic groups" in the 
above definition of R 9 represents a C 2 -C 20 alkynyl group indicated hereinbefore wherein the alkynyl group. is substituted 
with from 1 to 3 "aryl" or "aromatic heterocyclic" groups which are the same or different and indicated hereinbefore. 
[0231] The "C 2 -C 20 alkenyl group" in the definition of R 9 includes, for example, a straight or branched chain alkenyl 
group having from two to twenty carbon atoms such as ethenyl, 2-propenyl, 1 -methyl-2-propenyl, 2-methyl-2-propenyl, 

2- ethyl-2-propenyl, 2-butenyl, 1-methyl-2-butenyl, 2-methyl-2-butenyl, 1-ethyl-2-butenyl, 3-butenyl, 1-methyl-3-bute- 
nyl, 2-methyl-3-butenyl, 1 -ethyl-3-butenyl, 2-pentenyl, 1 -methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-pentenyl, 1 -methyl- 

3- pentenyl, 2-methyl-3-pentenyl, 4-pentenyl, 1-methyl-4-pentenyl, 2-methyl-4-pentenyl, 2-hexenyl, 3-hexenyl, 4-hex- 
enyl, 5-hexenyl, heptenyl, 1-methylhexenyl, 2-methyIhexenyl, 3-methylhexenyl, 4-methylhexenyl, 5-methylhexenyl, 
1-propylbutenyl, 4,4-dimethylpentenyl, octenyl, 1-methylheptenyl, 2-methylheptenyl, 3-methylheptenyl, 4-methylhep- 
tenyl, 5-methylheptenyl, 6-methylheptenyl, 1-propylpentenyl, 2-ethylhexenyl, 5,5-dimethylhexenyl, nonenyl, 3-methy- 
loctenyl, 4-methyloctenyl, 5-methyloctenyl, 6-methyloctenyl, 1-propylhexenyl, 2-ethylheptenyl, 6,6-dimethylheptenyl, 
decenyl, 1-methylnonenyl, 3-methylnonenyl, 8-methylnonenyl, 3-ethyloctenyl, 3,7-dimethyloctenyl, 7,7-dimethylocte- 
nyl, undecenyl, 4,8-dimethylnonenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, 3,7,11-trimethyldodecenyl, 
hexadecenyl, 4,8,1 2-trimethyltridecenyl, 1-methylpentadecenyl, 14-methylpentadecenyl, 13,13-dimethyltetradecenyl, 
heptadecenyl, 15-methylhexadecenyl, octadecenyl, 1-methylheptadecenyl, nonadecenyl, icosenyl, or 3,7,11,15-te- 
tramethylhexadecenyl group; and is preferably a C 2 -C 10 alkenyl group. 

[0232] The "C 3 -C 20 alkenyl group interrupted with one or more heteroatoms" in the above definition of R 9 is a "C 3 -C 2 o 
alkenyl group", wherein the alkenyl group is interrupted with the same or different one or two sulfur, oxygen or nitrogen 
atoms and is included in the "C 2 -C 20 alkenyl group" indicated hereinbefore, and includes, for example, an alkenyl group 
having from three to twenty carbon atoms interrupted with one or two sulfur atoms such as 1 -methylthioethenyl, 2-meth- 
ylthioethenyl, 1-methylthiopropenyl, 2-methylthiopropenyl, 3-methylthiopropenyl, 2-ethylthioethenyl, 2-methyl-2-meth- 
ylthioethenyl, 1-methylthiobutenyl, 2-methylthiobutenyl, 3-methylthiobutenyl, 2-ethylthiopropenyl, 3-methyl-3-methyl- 
thiopropenyl, 4-methylthiopentenyI, 3-methylthiopentenyl, 2-methylthiopentenyl, 1-methylthiopentenyl, 3,3-dimethylth- 
iobutenyl, 2,2-dimethylthiobutenyl, 1,1-dimethylthiobutenyl, 1-methyl-2-methylthiobutenyl, 1,3-dimethylthiobutenyl, 
2,3-dimethylthiobutenyl, 2-ethylthiobutenyl, 1 -methylthiohexenyl, 2-methylthiohexenyl, 3-methylthiohexenyl, 4-methyl- 
thiohexenyl, 5-methylthiohexenyl, 1-propylthiobutenyl, 4-methyl-4-methylthiopentenyl, 1-methylthioheptenyl, 2-meth- 
ylthioheptenyl, 3-methylthioheptenyl, 4-methylthioheptenyl, 5-methylthioheptenyl, 6-methylthioheptenyl, 1-propylthio- 
pentenyl, 2-ethylthiohexenyl, 5-methyl-5-methylthiohexenyl, 3-methylthiooctenyl, 4-methylthiooctenyl, 5-methylth- 
iooctenyl, 6-methylthiooctenyl, 1-propylthiohexenyl, 2-ethylthioheptenyl, 6-methyl-6-methylthioheptenyl, 1-methylth- 
iononenyl, 3-methylthiononenyl, 8-methylthiononenyl, 3-ethylthiooctenyl, 3-methyl-7-methy!thiooctenyl, 7,7-dimethyl- 
thiooctenyl, 4-methyl-8-methylthiononenyl, 3,7-dimethyl-11-methylthiododecenyl, 4,8-dimethyM2-methylthiotridece- 
nyl, 1-methyfthiopentadecenyl, 14-methylthiopentadecenyl, 13-methyl-13-methylthiotetradecenyl, 15-methylthiohexa- 
decenyl, 1-methylthioheptadecenyl, or 3,7,11-trimethyl-15-methylthiohexadecenyl group; 

an alkenyl group having from three to twenty carbon atoms interrupted with one or two oxygen atoms such as 
1-methyloxyethenyl, 2-methyloxyethenyl, 1-methyloxypropenyl, 2-methyloxypropenyl, 3-methyloxypropenyl, 2-ethyl- 
oxyethenyl, 2-methyl-2-methyloxyethenyl, 1-methyloxybutenyl, 2-methyloxybutenyl, 3-methyloxybutenyl, 2-ethyloxy- 
propenyl, 3-methyl-3-methyloxypropenyl, 4-methyloxypentenyl, 3-methyloxypentenyl, 2-methyloxypentenyl, 1-methy- 
loxypentenyl, 3,3-dimethyloxybutenyl, 2,2-dimethyloxybutenyl, 1,1-dimethyloxybutenyl, 1-methyl-2-methyloxybutenyl, 
1 ,3-dimethyloxybutenyl, 2,3-dimethyloxybutenyl, 2-ethyloxybutenyl, 1 -methyloxyhexenyl, 2-methyloxyhexenyl, 
3-methyloxyhexenyl, 4-methyloxyhexenyl, 5-methylpxyhexenyl, 1-propyloxybutenyl, 4-methyl-4-methyloxypentenyl, 
1-methyloxyheptenyl, 2-methyloxyheptenyl, 3-methyloxyheptenyl, 4-methyloxyheptenyl, 5-methyloxyheptenyl, 
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6-methyloxyheptenyl, 1-propyloxypentenyl, 2-ethyloxyhexenyl, 5-methyl-5-methyloxyhexenyl, 3-methyloxyoctenyl, 
4-methyloxyoctenyl, 5-methyloxyoctenyl, 6-methyloxyoctenyl, 1-propyloxyhexenyl, 2-ethyloxyheptenyl, 6-methyl- 

6- methyloxyheptenyl, 1-methyloxynonenyl, 3-methyloxynonenyl, 8-methyloxynonenyl, 3-ethyloxyoctenyl, 3-methyl- 

7- methyloxyoctenyl, 7,7-dimethyloxyoctenyl, 4-methyl-8-methyloxynonenyl, 3,7-dimethyM 1 -methyloxydodecenyl, 
4,8-dimethyl-12-methyloxytridecenyl, 1-methyloxypentadecenyl, 14-methyloxypentadecenyl, 13-methyl-13-methyl- 
oxytetradecenyl, 15-methyloxyhexadecenyl, 1-methyloxyheptadecenyl, or 3,7,11 -trimethyl-15-methyloxyhexadecenyl 
group; or 

an alkenyl group having from three to twenty carbon atoms interrupted with one or two nitrogen atoms such as 
1-(N-methylamino)ethenyl, 2-(N-methylamino)ethenyl, 1-(N-methylamino)propenyl, 2-(N-methylamino)propenyl, 3-(N- 
methylamino)propenyl, 2-(N-ethylamino)ethenyl, 2-(N,N-dimethylamino)ethenyl, 1-(N-methylamino)butenyl, 2-(N- 
methylamino)butenyl, 3-(N-methylamino)butenyl, 2-(N-ethylamino)propenyl, 3-(N,N-dimethylamino)propenyl, 4-(N- 
methylamino)pentenyl, 3-(N-methylamino)pentenyl, 2-(N-methylamino)pentenyl, 1-(N-methylamino)pentenyl, 3-(N,N- 
dimethylamino)butenyl, 2-(N,N-dimethylamino)butenyl, 1 -(N,N-dimethylamino)butenyl, 1 -methyl-2-(N-methylamino) 
butenyl, 1 ,3-di(N-methylamino)butenyl, 2,3-di(N-methylamino)butenyl, 2-(N-ethylamino)butenyl, l-(N-methylamino) 
hexenyl, 2-(N-methylamino)hexenyl, 3-(N-methylamino)hexenyl, 4-(N-methylamino)hexenyl J 5-(N-methylamino)hexe- 
nyl, 1-(N-propylamino)butenyl, 4-methyl-4-(N-methylamio)pentenyl, 1-(N-methylamino)heptenyl, 2-(N-methylamino) 
heptenyl, 3-(N-methylamino)heptenyl, 4-(N-methylamino)heptenyl, 5-(N-methylamino)heptenyl, 6-(N-methylamino) 
heptenyl, 1 -(N-propylamino)pentenyl, 2-(N-ethylamino)hexenyl, 5-methyl-5-(N-methylamino)hexenyl, 3-(N-methylami- 
no)octenyl, 4-(N-methylamino)octenyl l 5-(N-methylamino)octenyl, 6-(N-methylamino)octenyl, 1-(N-propylamino)hex- 
enyl, 2-(N-ethylamino)heptenyl, 6-methyl-6-(N-methylamino)heptenyl, 1-(N-methylamino)nonenyl, 3-(N-methylamino) 
nonenyl, 8-(N-methylamino)nonenyl, 3-(N-ethylamino)octenyl, 3-methyl-7-(N-methylamino)octenyl, 7,7-di(N-methyl- 
amino)octenyl, 4-methyl-8-(N-methylamino)nonenyl, 3,7-dimethyl-H -(N-methylamino)dodecenyl, 4,8-dimethyl-12-(N- 
methylaminojtridecenyl, 1-(N-methylamino)pentadecenyl, 14-(N-methylamino)pentadecenyl, 13-methyl-13-(N-methy- 
lamio)tetradecenyl, 15-(N-methylamino)hexadecenyl, 1-(N-methylamino)heptadecenyl, or 3,7,1 1-trimethyl-1 5-(N- 
methylamino)hexadecenyl group; preferably a C 3 -C 10 alkenyl group interrupted with one or more heteroastoms. 
[0233] The "C 2 -C 20 alkenyl group substituted with one or more ary! groups or aromatic heterocyclic groups" in the 
above definition of R 9 represents a "C2-C20 alkenyl group" which is indicated hereinbefore substituted with the same 
or different from 1 to 3 "aryl" or "aromatic heterocyclic" groups indicated hereinbefore. 

[0234] The "C 2 -C 2 o alkyl group which is interrupted with one or more heteroatoms and substituted with one or more 
aryl groups or aromatic heterocyclic groups" in the above definition of R 9 represents a "C 2 -C 20 alkyl group interrupted 
with one or more heteroatoms" which is indicated hereinbefore substituted with the same or different from 1 to 3 "aryl" 
or "aromatic heterocyclic" groups indicated hereinbefore. 

[0235] The "C 3 -C 10 cycloalkyl group" in the above definition of R 9 has the same meaning as indicated hereinbefore 
for "cycloalkyl group". 

Step B1 

[0236] Step B1 is a process for the preparation of compounds of general formula (X). Step B1 is accomplished by 
the selective acylation of one hydroxyl group of a compound of formula (VIII) using a compound of formula (IX) in the 
presence of a lipase in the presence or absence of an inert solvent (preferably in the presence of an inert solvent). 
[0237] The "lipase" employed in the above reaction is not particularly restricted, and the preferred lipase depends 
on the starting material. Preferred lipases are derived from Pseudomonas sp, Pseudomonas fluorescens, Pseu- 
domonas cepacia, Chromobacterium viscosum, Aspergillus niger, Aspergillus oryzae, Candida antarctica, Candida 
cylindracea, Candida lipolytica, Candida rugosa, Candida utilis, Penicillium roqueforti, Rhizopus arrhizus, Rhizopus 
delemar, Rhizopus javanicus, Rhizomucor miehei, Rhizopus niveus, Humicola lanuginosa, Mucor javanicus, Mucor 
miehei, Thermus aquaticus, Thermus flavus, orThermus thermophilus; or human pancreas, hog pancreas, porcine 
pancreas, or wheat germ. Partially purified or completely purified enzymes can be used and immobilized enzymes can 
be also used in the above reaction. The most preferred lipase is an immobilized Pseudomonas sp. (for example : 
immobilized lipase from Pseudomonas sp. (product of TOYOBO Co., Ltd.). 

[0238] The preferred compound of formula (IX) employed in the above reaction depends on the starting material, 
and is a vinyl ester of a straight chain aliphatic carboxylic acid such as vinyl n-hexanoate, vinyl n-heptanoate, vinyl n- 
pentanoate, or vinyl acetate; most preferably vinyl n-hexanoate. 

[0239] The inert solvent employed in the above reaction is not particularly restricted, and the compound of formula 
(IX) can be used as the solvent without other solvents. The preferred solvent depends on the starting material, and 
can be a mixture of various solvents or a solvent containing water. The preferred solvents include ethers such as 
diisopropyl ether, tert-butyl methyl ether, diethyl ether, ortetrahydrofuran; aliphatic hydrocarbons such as n-hexane or 
n-pentane; aromatic hydrocarbons such as benzene or toluene; or halogenated hydrocarbons such as dichloromethane 
or 1 ,2-dichloroethane. The more preferred solvents are ethers, and the most preferred solvents are diisopropyl ether 
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or tert-butyl methyl ether. 

[0240] The reaction temperature depends on the starting material, solvent, lipase and the like employed in the above 
reaction and is usually between -50°C and 50°C, preferably between 0°C and 40°C. 

[0241 ] The reaction time depends on the starting material, solvent, lipase, reaction temperature and the like employed 
5 in the above reaction and is usually from 15 minutes to 150 hours, preferably from 30 minutes to 24 hours. 

Step B2 

[0242] Step B2 is a process forthe preparation of compounds of general formula (XI) and is accomplished by oxidation 
10 of the alcohol moiety of a compound of general formula (X) to the corresponding aldehyde moiety using an oxidizing 
reagent in an inert solvent. 

[0243] The oxidation reaction is not particularly restricted provided that it can convert a primary alcohol into the 
corresponding aldehyde and, for example, is the Collins oxidation which is conducted using pyridine and chromic acid 
in dichloromethane; the PCC oxidation which is conducted using pyridinium chlorochromate (PPC) in dichloromethane; 

is the PDC oxidation which is conducted using pyridinium dichromate (PDC) in dichloromethane; the DMSO oxidation 
such as the Swern oxidation which is conducted using an electrophilic reagent (for example acetic anhydride, trifluor- 
oacetic anhydride, thionyl chloride, sulfuryl chloride, oxalyl chloride, dicyclohexylcarbodiimide, diphenylketene-p- 
tolylimine, N.N-diethylaminoacetylene, or sulfur trioxide - pyridine complex) and dimethyl sulfoxide (DMSO) in dichlo- 
romethane; or the manganese dioxide oxidation which is conducted using manganese dioxide in dichloromethane or 

20 benzene. Preferred oxidation reactions are the PCC oxidation, PDC oxidation or Swern oxidation in dichloromethane. 
[0244] The reaction temperature depends on the starting material, solvent, oxidizing agent and the like employed in 
the above reaction and is usually between -78°C and 80°C, preferably between -78°C and 30°C. 
[0245] The reaction time depends on the starting material, solvent, oxidizing agent, reaction temperature and the 
like employed in the above reaction and is usually from 10 minutes to 48 hours, preferably from 30 minutes to 24 hours. 

25 

Step B3 

[0246] Step B3 is a process for the preparation of compounds of general formula (XIII) and is accomplished by 
reaction of a compound of formula (XI) with a compound of formula (XII) in the presence of a base in an inert solvent. 

30 [0247] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and can be, for example, an ether such as diethyl ether, diisopropyi ether, tetrahydrofuran, diox- 
ane, dimethoxyethane, or di (ethylene glycol) dimethyl ether; an aromatic hydrocarbon such as toluene, benzene, or 
xylene; a halogenated hydrocarbon such as dichloromethane, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene, or dichlorobenzene; a lower alkyl nitrile such as acetonitrile or propionitrile; an amide such as formamide, 

35 N.N-dimethylformamide, N,N-dimethylacetamide, or hexamethylphosphoric triamide; a lower alkyl alcohol such as 
methanol, ethanol, propanol or butanol; or water. The solvent is preferably an ether (most preferably tetrahydrofuran). 
[0248] The base employed in the above reaction is not particularly restricted provided that it does not change groups 
other than the aldehyde moiety of the compound of formula (XI) and can be, for example, the same base as that 
indicated in Step A2. The base is preferably an alkali metal alkoxide (most preferably potassium tert-butoxide). 

40 [0249] The reaction temperature depends on the starting material, solvent, base and the like employed in the above 
reaction and is usually between -78°C and 200°C, preferably between -50°C and 150°C (most preferably 0°C). 
[0250] The reaction time depends on the starting material, solvent, base, reaction temperature and the like employed 
in the above reaction and is usually from 15 minutes to 48 hours (preferably from 30 minutes to 8 hours). 

45 step B4 

[0251] Step B4 is a process for the preparation of compounds of general formula (XV) and is accomplished by a 

hydrolysis reaction of a compound of formula (XIII) in the presence of a base in an inert solvent. 

[0252] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 

so effect on the reaction and can dissolve the starting material to some extent and can be, for example, an ether such as 
diethyl ether, diisopropyi ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an 
alcohol such as methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di 
(ethylene glycol), glycerin, octanol, cyclohexanol, or methyl cellosolve; an amide such as formamide, N,N-dimethyl- 
formamide, N,N-dimethylacetamide, or hexamethylphosphoric triamide; water; a mixture of solvents indicated herein- 

55 before or a mixture of water and a solvent indicated hereinbefore. The solvent is preferably a mixture of an alcohol, 
ether and water or a mixture of an alcohol and water (most preferably a mixture of methanol, tetrahydrofuran and water, 
or a mixture of methanol and water). 

[0253] The base employed in the above reaction is not particularly restricted provided that it does not change groups 
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other than the acyl moiety of the compound of formula (XIII) and can be, for example, the same base as that indicated 
in Step A2. The base is preferably an alkali metal hydroxide (most preferably sodium hydroxide) 
[0254] The reaction temperature depends on the starting material, solvent, base and the like employed in the above 
reaction and is usually between -78°C and 150°C, preferably between -50°C and 100°C (most preferably near room 
5 temperature). 

[0255] The reaction time depends on the starting material, base, solvent, reaction temperature and the like employed 
in the above reaction and is usually from 15 minutes to 48 hours (most preferably from 30 minutes to 6 hours). 

Step B5 

10 

[0256] Step B5 is a process for the preparation of compounds of general formula (XV) and is accomplished by treat- 
ment of a compound of formula (XV) with a base in an inert solvent. 

[0257] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and can be, for example, an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, diox- 

15 ane, dimethoxyethane, or di (ethylene glycol) dimethyl ether; an alcohol such as methanol, ethanol, n-propanol t iso- 
propanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cyclohexanol, or 
methyl cellosolve; an amidesuch asformamide, N,N-dimethylformamide, N,N-dimethylacetamide,orhexamethylphos- 
phoric triamide; water; a mixture of solvents indicated hereinbefore; or a mixture of water and a solvent indicated 
hereinbefore. The solvent is preferably an ether or amide (most preferably tetrahydrofuran). 

20 [0258] The base employed in the above reaction is not particularly restricted provided that it can be used in general 
reactions as a base and can be, for example, the same base as that indicated in Step A2. The base is preferably an 
alkali metal alkoxide (most preferably potassium tert-butoxide). 

[0259] The reaction temperature depends on the starting material, solvent, base and the like employed in the above 
reaction and is usually between -78°C and 150°C, preferably between -50°C and 100°C, (most preferably between 

25 o°C and room temperature) . 

[0260] The reaction time depends on the starting material, solvent, base, reaction temperature and the like employed 
in the above reaction and is usually from 15 minutes to 48 hours (preferably from 30 minutes to 8 hours). 
[0261] Step B5 can be also accomplished by reaction with an acylating reagent such as N,N-carbonyldiimidazo!e, 
dimethyl carbonate, or diethyl carbonate after removal of the protecting group of the amino group of the compound of 

30 general formula (XIV). 

Step B6 

[0262] Step B6 is a process for the preparation of compounds of general formula (XVI) and is accomplished by 
35 reduction of a compound of formula (XV) in the presence of a reducing agent (preferably by catalytic reduction under 
an atmosphere of hydrogen) in an inert solvent. 

[0263] The inert solvent employed in the above catalytic reduction is not particularly restricted provided that it has 
no adverse effect on the reaction and can be, for example, an aliphatic hydrocarbon such as hexane, heptane, ligroin, 
or petroleum ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such 
as dichloromethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene, an ester 
such as methyl acetate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, 
dioxane, tetrahydrofuran, dimethoxyethane, or di (ethylene glycol) dimethyl ether; an amide such as formamide, N,N- 
dimethylformamide, N,N-dimethylacetamide, or hexamethylphosphoric triamide; an alcohol such as methanol, ethanol, 
n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, octanol, cy- 

45 clohexanol, or methyl cellosolve; an organic acid such as acetic acid or hydrochloric acid; water; or a mixture of water 
and a solvent indicated hereinbefore. The solvent is preferably an alcohol or ether (most preferably methanol). 
[0264] The reducing agent employed in the above catalytic reduction reaction is not particularly restricted provided 
that it can be used for general catalytic reductions and can be, for example, the same catalyst as that indicated in Step 
A3 or Step A4. The catalyst is preferably palladium - charcoal (most preferably 10% palladium - charcoal). 

50 [0265] The pressure of hydrogen is not particularly restricted and is usually between 1 to 1 0 atmospheric pressures, 
preferably 1 atmospheric pressure. 

[0266] The reaction temperature depends on the starting material, solvent, reducing agent and the like employed in 
the above reaction and is usually between -20°C and 200°C, preferably between 0°C and 100°C (most preferably 
between 20°C and 30°C). 

55 [0267] The reaction time depends on the reaction temperature, starting material, reagent, solvent, and the like em- 
ployed in the above reaction and is usually from 5 minutes to 96 hours, preferably from 15 minutes to 24 hours (most 
preferably from 30 minutes to 2 hours). 
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Step 37 

[0268] Step B7 is a process for the preparation of compounds of general formula (XVII), and is accomplished by a 
hydrolysis reaction of a compound of formula (XVI) in the presence of a base in an inert solvent. 
5 [0269] The Inert solvent employed in the above reaction is not particularly restricted and can be, for example, the 
same solvent as that indicated in Step B4. The solvent is preferably a mixture of an alcohol and an ether or a mixture 
of an alcohol and water (most preferably a mixture of methanol, tetrahydrofuran and water or a mixture of methanol 
and water). 

[0270] The base employed in the above reaction is not particularly restricted provided that it has no adverse effect 
10 on the hydrolysis reaction, and can be, for example, the same base as that indicated in Step B4. The base is preferably 
an alkali metal hydroxide (most preferably potassium hydroxide or sodium hydroxide). 

[0271] The reaction temperature depends on the starting material, solvent, base and the like and is usually between 
-78°C and 200°C, preferably between 0°C and 180°C (most preferably between 20°C and 120°C). 
[0272] The reaction time depends on the starting material, base, solvent, reaction temperature, and the like and is 
15 usually from 15 minutes to 10 days (most preferably from 2 hours to 5 days). 

Step B8 

[0273] If necessary, Step B8 is a process for the preparation of compounds of general formula (IV) and is accom- 
20 plished by alkylation or protection of the hydroxyl and amino groups of a compound of formula (XVI I) in an inert solvent. 
[0274] The alkylation and protection of the hydroxyl and amino groups can be carried out according to methods 
known to those skilled in organic chemistry, for example the methods indicated in "Protective Groups in Organic Syn- 
thesis" (Third Edition, 1 999, John Wiley & Sons, Inc.), and can be accomplished by the procedure indicated hereinafter. 
[0275] The alkylation or protection of the amino group can be accomplished, for example, by reaction of a compound 
25 of formula (XVII) with a compound of formula R 1 a-Q (XIX) [wherein R 1 a represents a lower alkyl group or a protecting 
group of the amino group (which have the same meanings as indicated hereinbefore). Q has the same meaning as 
indicated hereinbefore.] in the presence or absence of a base in an inert solvent. 

[0276] The inert solvent employed in the above reaction is preferably an ether such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, dimethoxyethane, or di (ethylene glycol) dimethyl ether; or an alcohol such as methanol, 
30 ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), glycerin, oc- 
tanol, cyclohexanol, or methyl cellosolve. 

[0277] The base employed in the above reaction is preferably an organic amine such as triethylamine, tributylamine, 
diisopropylethylamine, N-methylmorpholine, or pyridine. 

[0278] The reaction temperature is between -78°C and 1 50°C (preferably between -50°C and 1 00°C and most pref- 

35 erably near room temperature). 

[0279] The reaction time is usually from 1 0 minutes to 48 hours (preferably from 20 minutes to 8 hours). 
[0280] The alkylation or protection of the hydroxyl group can be accomplished, for example, by reaction of a com- 
pound of formula (XVII) with a compound of formula R 3 a-Q (XX) [wherein R 3 a represents a lower alkyl group or a 
protecting group of the hydroxyl group (which have the same meanings as indicated hereinbefore). Q has the same 

40 meaning as indicated hereinbefore.] in the presence of a base in an inert solvent. 

[0281 ] The inert solvent employed in the above reaction is preferably a halogenated hydrocarbon such as chloroform, 
dichloromethane, 1 ,2-dichlororethane, or carbon tetrachloride; an amide such as formamide, dimethylformamide, 
dimethylacetamide, or hexamethylphosphoric triamide; or a sulfoxide such as dimethyl sulfoxide. 
[0282] The base employed in the above reaction is preferably an alkali metal hydride such as lithium hydride, sodium 

^5 hydride, or potassium hydride; or an organic amine such as triethylamine, tributylamine, diisopropylethylamine, N- 
methylmorpholine or pyridine. 

[0283] The reaction temperature is between -78°C and 150°C (preferably between -50°C and 1 00°C and most pref- 
erably near room temperature). 

[0284] The reaction time is usually from 1 0 minutes to 48 hours (preferably from 20 minutes to 8 hours). 
50 [0285] The order of the alkylation or protection of the amino and hydroxyl groups can be arbitrarily selected and the 
reactions can be carried out in order of precedence. 

[0286] After the reactions in Method B, the desired compound in each Step can be isolated from the reaction mixture 
by conventional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction 
mixture, when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as 
55 ethyl acetate to the neutralized solution or the filtrate, washing the resulting organic layer with water, separation of the 
organic layer containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous 
sodium sulfate or the like, and then evaporation of the organic solvent to give the desired product. If necessary, the 
product thus obtained is further purified by conventional treatments, for example by recrystallization or reprecipitation, 
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or by conventional procedures in organic chemistry, for example, absorption column chromatography using a carrier 
such as silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using 
a synthetic absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd), Amberlite XAD-11 (product of Rohm 
& Hass Co., Ltd), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal 
phase or reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance 
liquid column chromatography); or an appropriate combination of these chromatographic techniques and elution using 
an appropriate solvent to isolate and purify the desired product. 

[0287] In addition, if it is necessary to separate isomers, which are obtained in each Step of method B, each isomer 
can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
step in method B, or after protection of the hydroxyl and/or amino groups in method B. 

[0288] The starting materials of formula (VIII) and (IX) are known or can be prepared according to similar procedures 
to those known to those skilled in the art [starting material of formula (VIII) : J. Org. Chem., 64, 8220 (1 999)]. 

(Method C) 

[0289] Method C is a process for the preparation of compounds of general formula (XII), 



Method C 



R 6 R 7 R 6 R 7 

W Step CI Cr W 

Q-CH 2 -(CH 2 ) m -^ > — ~ Ph 3 P*-CH 2 -(CH 2 ) m ^ > 



(XVIII) 



(XII) 



[0290] In the above reaction scheme R 6 , R 7 , X, m, Q and Ph have the same meanings as those indicated hereinbe- 
fore. 



Step C1 

[0291 ] Step C1 is a process forthe preparation of compounds of general formula (XII) and is accomplished by reaction 
of a compound of general formula (XVIII) with triphenylphosphine in an inert solvent. 

[0292] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and can be, for example, an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ether such as 
diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a 
lower alkyl nitrile such as acetonitrile or propionitrile; a lower alkyl alcohol such as methanol, ethanol, propanol, or 
butanol; or a lower alkyl ketone such as acetone or methyl ethyl ketone. The solvent is preferably an ether or nitrile. 
[0293] The reaction temperature depends on the starting material, solvent and the like and is usually between -1 0°C 
and 200°C, preferably between 0°C and 150°C (most preferably between 20°C and 120°C). 
[0294] The reaction time depends on the reaction temperature, starting material, and solvent employed in the above 
reaction and is usually from 5 minutes to 96 hours, preferably from 15 minutes to 48 hours (most preferably from 1 
hour to 8 hours). 

[0295] The desired product of formula (XII) of Step C1, if necessary, can be isolated or purified by conventional 
procedures, for example, recrystallization or reprecipitation, or by conventional procedures known to those skilled in 
organic chemistry, for example, absorption column chromatography using a carrier such as silica gel, alumina, or Florisil 
consisting of magnesium and silica gel; partition column chromatography using a synthetic absorbent such as Sepha- 
dex LH-20 (product of Pharmacia Co., Ltd), Amberlite XAD-11 (product of Rohm & Hass Co., Ltd), or Diaion HP-20 
(product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal phase or reversed phase column 
chromatography using silica gel or alkylated silica gel (preferably high performance liquid column chromatography); 
or an appropriate combination of these chromatographic techniques; and elution using an appropriate solvent. 
[0296] (n addition, if it is necessary to separate isomers, which are obtained in Step C1 , each isomer can be isolated 
according to the isolation or purification procedures indicated hereinbefore after the reaction of Step C1 . 
[0297] The starting material of formula (XVIII) is known or can be prepared according to a similar procedure to those 
known to those skilled in the art [X = O : J. Am. Chem. Soc, 49, 1 066 (1 927), X = N-Me : J. Org. Chem. , 52, 19(1 987) ]. 
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(Method* D) 



[0298] Method D is a process for increasing the optical purity of compounds of general formula (XVII). 



Method D 



HO 




Step Dl 



HO 




NH 2 



(XVII) 



(XVII) 



[0299] In the above reaction scheme R 4 , R 6 , R 7 , X and m have the same meanings as those indicated hereinbefore. 



[0300] Step D1 is a process for increasing the optical purity of compounds of formula (XVII). Step D1 is carried out 
by treatment of a compound of formula (XVII) with an optically active organic acid in an inert solvent to form a salt of 
the compound of formula (XVII), if necessary, with recrystallization of the salt in order to increase the optical purity, 
followed by treatment of the salt with a base to regenerate the free form of the compound of general formula (XVII). 
[0301] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, is an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ester such as 
methyl acetate, ethyl acetate, propyl acetate, butyl acetate, or diethyl carbonate; an ether such as diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; an alcohol such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol, isoamyl alcohol, di(ethylene glycol), 
glycerin, octanol, cyclohexanol, or methyl cellosolve; a nitrile such as acetonitrile or propionitrile; water; or a mixture 
of water and a solvent indicated hereinbefore. The inert solvent is preferably an alcohol (most preferably methanol or 
ethanol) or a mixture of water and an alcohol. 

[0302] The optically active organic acid employed in the above reaction is not particularly restricted and is, for ex- 
ample, tartaric acid, mandelic acid or 10-camphorsulfonic acid. The preferred acid is tartaric acid. 
[0303] The process for regeneration of the compound of formula (XVII) as a free form from the salt can be easily 
accomplished by a normal extraction procedure using an organic solvent and a base, 

[0304] After the reaction, each desired compound of Method D can be isolated from the reaction mixture by conven- 
tional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
acetate to the neutralized solution orthe filtrate, washing the resulting organic layerwith water, separation of the organic 
layer containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous sodium 
sulfate orthe like, and then evaporation of the organic solvent to give the desired product. The product thus obtained, 
if necessary, is further purified by conventional treatments, for example by recrystallization or reprecipitation, or by 
conventional procedures in organic chemistry, for example, absorption column chromatography using a carrier such 
as silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using a 
synthetic absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd), Amberlite XAD-11 (product of Rohm & 
Hass Co., Ltd), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal 
phase or reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance 
liquid column chromatography) ; or an appropriate combination of these chromatographic techniques; and elution using 
an appropriate solvent to isolate and purify the desired product. 



Step D1 



(Method E) 



[0305] Method E is a process for the preparation of compounds of general formula (XXIV). Method E is a particularly 
useful method for the preparation of compounds of Method C, wherein X is N-D and m is 0. Method E can be accom- 
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plished according to similar procedures to those indicated in the literature (J. Org. Chem., 52, 19 (1987)). 



Method E 



H 

N 

i 

D 

(XXI) 



Step El 



NMe 3 • HCI, 
HCHO aq 



R R 



(XXII) 



Step E2 
CH 3 Q 



R 6 R 7 R 6 R 7 

W Step E3 W 

D D 

(XXIII) (XXIV) 



[0306] In the above reaction scheme D, R 6 , R 7 and Q have the same meanings as those indicated hereinbefore. 
Step E1 

[0307] Step E1 is a process for the preparation of compounds of general formula (XXII). Step E1 is accomplished 
by reaction of a compound of formula (XXI) with formalin and dimethylamine hydrochloride according to similar proce- 
dures to those indicated in the literature (for example, J. Am. Chem. Soc, 73, 4921 (1951) or the like). 

Step E2 

[0308] Step E2 is a process for the preparation of compounds of general formula (XXIII). Step E2 is accomplished 
by reaction of a compound of formula (XXII) with a methyl halide such as methyl iodide or the like to give a quaternary 
salt. 

[0309] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, can be an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carton tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ether such as 
diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a 
lower alkyl nitrile such as acetonitrile or propionitrile; a lower alkyl alcohol such as methanol, ethanol, propanol, or 
butanol; or a lower alkyl ketone such as acetone or methyl ethyl ketone. The inert solvent is preferably an alcohol. 
[0310] The reaction temperature depends on the starting material, solvent and the like and is usually between -10°C 
and 200°C, preferably between 0°C and 50°C. 

[0311] The reaction time depends on the reaction temperature, starting material and solvent employed in the above 
reaction and is generally from 5 minutes to 96 hours, preferably from 1 5 minutes to 48 hours (most preferably from 1 
hour to 8 hours). 

Step E3 

[0312] Step E3 is a process for the preparation of compounds of general formula (XXIV). Step E3 is accomplished 
by reaction of a compound of general formula (XXIM) with triphenylphosphine in an inert solvent. 
[0313] The inert solvent employed in the above reaction is not particularly restricted provided that it has no adverse 
effect on the reaction and, for example, can be an aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum 
ether; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such as dichlo- 
romethane, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene, or dichlorobenzene; an ether such as 
diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a 



EP 1 471 054 A1 



lower alkyl nitrile such as acetonitrile or propionitrile; a lower alkyl alcohol such as methanol, ethanol, propanol, or 
butanol; or a lower alkyl ketone such as acetone or methyl ethyl ketone. The inert solvent is preferably an ether or 
nitrile (most preferably acetonitrile) 

[0314] The reaction temperature depends on the starting material, solvent and the like and is usually between room 
temperature and 200°C, preferably between 0°C and 150°C (most preferably between 20°C and 100°C). 
[0315] The reaction time depends on the reaction temperature, starting material and solvent employed in the above 
reaction and is generally from 5 minutes to 96 hours, preferably from 15 minutes to 48 hours (most preferably from 1 
hour to 8 hours). 

[0316] After the reaction, each desired compound of Method Ecan be isolated from the reaction mixture by conven- 
tional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
acetate to the neutralized solution or the filtrate, washing the resulting organic layer with water, separation of the organic 
layer containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous sodium 
sulfate or the like, and then evaporation of the organic solvent to give the desired product. The product thus obtained, 
if necessary, is further purified by conventional treatments, for example recrystallization or reprecipitation, or by con- 
ventional procedures in organic chemistry, for example, absorption column chromatography using a carrier such as 
silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using a synthetic 
absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd), Amberlite XAD-11 (product of Rohm & Hass Co., 
Ltd), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal phase or 
reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance liquid 
column chromatography); or an appropriate combination of these chromatographic techniques; and elution using an 
appropriate solvent to isolate and purify the desired product. 

[0317] In addition, if it is necessary to separate isomers, which are obtained in each step of method E, each isomer 
can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
step in method E, or after removal of the protecting group in each step in method E. 

[0318] The starting material of formula (XXI) is known or can be prepared according to similar procedures to those 
known to those skilled in the art. 

(Method F) 

[0319] Method F is a process for the preparation of compounds of general formula (XXVIII) from compounds of 
general formula (XVI) or (IV). Method F is an alternative process to Method A. 
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Step F2 



HO 




(XXVIII) 



[0320] In the above reaction scheme, R 1 , R2, R3, R4 r5 ? R 6 ( R 7 ( d, Q, Z, and m have the same meanings as those 
indicated hereinbefore. 

Step F1 

[0321] Step F1 is a process for the preparation of compounds of general formula (XXVI) or (XXVII). Step F1 is 
accomplished by reaction of a compound of general formula (XVI) or (IV) with an acyl halide of general formula (XXV) 
in the presence of a base in an inert solvent. 

[0322] The inert solvent employed in the above reaction is not particularly restricted and can be, for example, an 
aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as toluene, 
benzene, or xylene; a halogenated hydrocarbon such as dichloromethane, chloroform, carbon tetrachloride, dichlo- 
roethane, chlorobenzene, or dichlorobenzene; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, diox- 
ane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; a lower alkyl nitrile such as acetonitrile or propionitrile; a 
lower alkyl alcohol such as methanol, ethanol, propanol, or butanol; or a lower alkyl ketone such as acetone or methyl 
ethyl ketone. The solvent is preferably an aromatic hydrocarbon (particularly preferably benzene, toluene or xylene). 
[0323] The base employed in the above reaction is not particularly restricted provided that it activates the compound 
of formula (XXV) and is, for example, 4-(N,N-dimethylaminopyridine) or 4-pyrrolidinopyridine. 
[0324] The reaction temperature depends on the starting material, solvent, base and the like and is usually between 
0°C and 200°C, preferably between room temperature and 150°C. 

[0325] The reaction time depends on the starting material, base, solvent, reaction temperature and the like and is 
usually from 15 minutes to 7 days, preferably from 6 hours to 3 days. 

Step F2 

[0326] Step F2 is a process for the preparation of compounds of general formula (XXVIII). Step F2 is accomplished 
by a hydrolysis reaction of a compound of formula (XXVI) or (XXVII) in the presence of a base in an inert solvent 
according to a similar procedure to that indicated in Step B7. 

[0327] After the reaction, each desired compound of Method F can be isolated from the reaction mixture by conven- 
tional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
acetate to the neutralized solution, washing the resulting organic layer with water, separation of the organic layer 
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containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous sodium 
sulfate or the like, and then evaporation of the organic solvent to give the desired product. The product thus obtained, 
if necessary, is further purified by conventional treatments, for example recrystallization or reprecipitation, or by con- 
ventional procedures in organic chemistry, for example, absorption column chromatography using a carrier such as 
silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using a synthetic 
absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd.), Amberlite XAD-11 (product of Rohm & Hass 
Co., Ltd.), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal phase 
or reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance liquid 
column chromatography); or an appropriate combination of these chromatographic techniques; and elution using an 
appropriate solvent to isolate and purify the desired product. 

[0328] In addition, if it is necessary to separate isomers, which are obtained in each step of method F, each isomer 
can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
step in method F, or after removal of the protecting group in method F. 

(Method G) 

[0329] Method G is a process for the preparation of compounds of general formula (XXVIII) from compounds of 
formula (XVI) or (IV) and is an alternative process to method F. 





or 



Step Gl 




R 5 -Z-CH 2 -CO-NMe 2 
(XXIX) 




R 6 R 7 
6 0 

(XXX) 
or 

R 6 R 7 

(cH2)m ~%V^-« 5 

6 ° 

(XXXI) 



Step G2 



(CH 2 ) m ^(^ z ^ RS 

NH 2 D 0 

(XXVIID 




[0330] In the above reaction scheme R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , D, Z and m have the same meanings as those 
indicated hereinbefore. 



Step G1 



[0331] Step G1 is a process for the preparation of compounds of general formula (XXX) or (XXXI). Step G1 is ac- 
complished by reaction of a compound of general formula (XVI) or (IV) with an amide derivative of formula (XXIX) in 
the presence of phosphorous oxychloride or oxalyl chloride in an inert solvent according to similar procedures to those 
indicated in the literature (for example J. Med. Chem., 40, 3381 (1997)). 

[0332] The inert solvent employed in the above reaction is not particularly restricted and can be an aliphatic hydro- 
carbon such as hexane, heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as toluene, benzene, or 
xylene; a halogenated hydrocarbon such as dichloromethane, chloroform, carbon tetrachloride, dichloroethane, chlo- 
robenzene, or dichlorobenzene; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethox- 
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yethane, or di(ethylene glycol) dimethyl ether; a lower alkyl nitrile such as acetonitrile or propionitrile; a lower alkyl 
alcohol such as methanol, ethanol, propanol, or butanol; or a lower alkyl ketone such as acetone or methyl ethyl ketone. 
The inert solvent is preferably an aromatic hydrocarbon (particularly preferably benzene or toluene). 
[0333] The reaction temperature depends on the starting material, solvent, base and the like and is usually between 
5 0°C and 200°C, preferably between room temperature and 150°C. 

[0334] The reaction time depends on the starting material, base, solvent, reaction temperature, and the like and is 
generally from 15 minutes to 7 days, preferably from 6 hours to 3 days. 

Step G2 

10 

[0335] Step G2 is a process for the preparation of compounds of general formula (XXVIII). Step G2 is accomplished 
by a hydrolysis reaction of a compound of formula (XXX) or (XXXI) in the presence of a base in an inert solvent according 
to a similar procedure to that indicated in Step B7. 

[0336] After the reaction, each desired compound of Method G can be isolated from the reaction mixture by conven- 
ts tional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
acetate to the neutralized solution or the filtrate, washing the resulting organic layer with water, separation of the organic 
layer containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous sodium 
sulfate or the like, and then evaporation of the organic solvent to give the desired product. The product thus obtained, 
20 jf necessary, is further purified by conventional treatments, for example recrystallization or reprecipitation, or by con- 
ventional procedures in organic chemistry, for example, absorption column chromatography using a carrier such as 
silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using a synthetic 
absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd.), Amberlite XAD-11 (product of Rohm & Hass 
Co., Ltd.), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; norma! phase 
25 or reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance liquid 
column chromatography); or an appropriate combination of these chromatographic techniques; and elution using an 
appropriate solvent to isolate and purify the desired product. 

[0337] In addition, if it is necessary to separate isomers, which are obtained in each step of method G, each isomer 
can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
30 step in method G, or after removal of the protecting group in method G. 

(Method H) 

[0338] Method H is a process for the preparation of compounds of general formula (XXVIII) from compounds of 
35 formula (XVI) or (IV) and is an alternative process to method F. 
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or 



Step HI 



R 3 0 




R s -Z-CH 2 -CO-Q 



(XXV) 



R 6 R 7 



NH 



(XXX) 
or 

R 6 R 7 



NR 1 R 2 



(XXXI) 



R 6 R 7 



Step H2 




(XXVI11) 

[0339] In the above reaction scheme R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , D, Q, Z and m have the same meanings as those 
indicated hereinbefore. Step H1 

[0340] Step H1 is a process for the preparation of compounds of general formula (XXX) or (XXXI). Step H1 is ac- 
complished by a Friedel-Crafts reaction of a compound of general formula (XVI) or (IV) with an acid halide of formula 
(XXV) in the presence of a Lewis acid such as aluminum chloride in an inert solvent according to similar procedures 
to those indicated in the literature (for example Synth. Commun., 19, 2721 (1989)). Step H1 can be also accomplished 
by treatment of a compound of general formula (XVI) or (IV) with a Grignard reagent, followed by reaction with an acid 
halide of formula (XXV) in an inert solvent according to similar procedures to those indicated in the literature (for 
example Bioorg. Med. Chem., 9, 621 (2001)). 

[0341] The inert solvent employed in the above reaction is not particularly restricted and, for example, can be an 
aliphatic hydrocarbon such as hexane, heptane, ligroin, or petroleum ether; an aromatic hydrocarbon such as toluene, 
benzene, or xylene; a halogenated hydrocarbon such as dichloromethane, chloroform, carbon tetrachloride, dichlo- 
roethane, chlorobenzene, or dichlorobenzene; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, diox- 
ane, dimethoxyethane, or di(ethylene glycol) dimethyl ether; or a lower alkyl ketone such as acetone or methyl ethyl 
ketone. The inert solvent employed in the Friedel-Crafts reaction is preferably a halogenated hydrocarbon (particularly 
preferably dichloromethane or dichloroethane). The inert solvent employed in the Grignard reaction is preferably an 
ether (particularly preferably diethyl ether or tetrahydrofuran). 

[0342] The reaction temperature depends on the starting material, solvent, reagent and the like and is usually be- 
tween 0°C and 100°C, preferably between 0°C and 50°C. 

[0343] The reaction time depends on the starting material, base, solvent, reaction temperature, and the like and is 
generally from 15 minutes to 24 hours, preferably from 1 hour to 12 hours. 



Step H2 



[0344] Step H2 is a process for the preparation of compounds of general formula (XXVIII). Step H2 is accomplished 
by a hydrolysis reaction of a compound of formula (XXX) or (XXXI) in the presence of a base in an inert solvent according 
to the same procedure as that indicated in Step G2. 

[0345] After the reaction, each desired compound of Method H can be isolated from the reaction mixture by conven- 
tional treatments, for example, neutralization of the reaction mixture, if necessary, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
acetate to the neutralized solution or the filtrate, washing the resulting organic layer with water, separation of the organic 
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layer containing the desired product, drying of the organic layer over anhydrous magnesium sulfate, anhydrous sodium 
sulfate or the like, and then evaporation of the organic solvent to give the desired product. The product thus obtained, 
if necessary, is further purified by conventional treatments, for example recrystallization or reprecipitation, or by con- 
ventional procedures in organic chemistry, for example, absorption column chromatography using a carrier such as 
silica gel, alumina, or Florisil consisting of magnesium and silica gel; partition column chromatography using a synthetic 
absorbent such as Sephadex LH-20 (product of Pharmacia Co., Ltd.), Amberlite XAD-11 (product of Rohm & Hass 
Co., Ltd.), or Diaion HP-20 (product of Mitsubishi Chemicals Co., Ltd.); ion exchange chromatography; normal phase 
or reversed phase column chromatography using silica gel or alkylated silica gel (preferably high performance liquid 
column chromatography); or an appropriate combination of these chromatographic techniques; and elution using an 
appropriate solvent to isolate and purify the desired product. 

[0346] In addition, if it is necessary to separate isomers, which are obtained in each step of method H, each isomer 
can be isolated according to the isolation or purification procedures indicated hereinbefore after the reaction of each 
step in the method H, or after removal of the protecting group in method H. 



(Method I) 



[0347] Compounds of formula (II) can be prepared by methods appropriately selected from Methods A to H indicated 
hereinbefore, and can be also produced by Method I described hereinafter. 



Method I 

R 43 R 6a , R 7a Step II R 4 R 6 R 7 



NR ,e R 2e "v^ R ,0 O R T2 ' 11 NR 1 R 2 \' 

a) (XXXII) ai) 



[0348] In the above reaction scheme R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , R™, RH, X, Y, Z and n have the same meanings as 
those indicated hereinbefore. R 1a , R 2a , R 4a , R 5a , R 6a R 7a y a and Z a have the same meanings as R 1 , R 2 , R 4 , R 5 , R 6 , 
R 7 , Y, and Z respectively, and when R 1a R 2a , R 4a , R 5a , R 6a , R 7a , Y a , and Z a have one or more hydroxyl, amino and/ 
or carboxyl groups, R 1a , R 2a , R 4a ,R5a ,R6a R7a > ya f anc j za represent groups which may optionally contain one or 
more protected hydroxyl, amino and/or carboxyl groups. R 12 and R 13 are the same or different and each represents a 
lower alkyl group (preferably an ethyl or isopropyl group). 

Step 11 

[0349] Step 11 is a process for the preparation of compounds of general formula (II). Step 11 is accomplished by 
reaction of an alcohol derivative of formula (I 1 ), which is a compound of formula (I) (R 3 is a hydrogen atom), with a 
compound of formula (XXXII), to afford an ester derivative of phosphorous acid, followed by reaction with an oxidizing 
agent and, if necessary, removal of one or more protecting groups of the amino, hydroxyl, carboxyl and/or phosphoric 
acid groups. 

[0350] The removal of the protecting groups of the hydroxyl, amino and/or carboxyl groups of R 1 , R 2 , R 4 , R 5 , R 6 , R 7 , 
Y, and Z is accomplished according to the same procedures as those indicated in Step A7. 

[0351] The order of the removal reactions of the protecting groups of the amino, hydroxyl and/or carboxyl groups 
can be arbitrarily selected and the removal reactions of these groups can be preferentially carried out according to the 
appropriate reaction conditions. 

[0352] The esterification of phosphoric acid with a compound having a primary hydroxyl group can be easily accom- 
plished by procedures known to those skilled in organic chemistry (for example, Jikken Kagaku Koza 22 (4 th Edition) 
"Organic Synthesis IV" Chapter 3 "Ester of Phosphoric Acid" (published Maruzen Co., Ltd.)). The preferred procedure 
will be shown hereinafter. 

[0353] The process is carried out by reaction of an alcohol derivative of formula (I') with a compound of formula 
(XXXII) in the presence of an activating reagent in an inert solvent to afford an ester of phosphorous acid, followed by 
reaction with an oxidizing reagent. 

[0354] The inert solvent employed in the reaction of the compound of formula (P) with the compound of formula 
(XXXII) is, for example, an aliphatic hydrocarbon such as hexane or heptane; an aromatic hydrocarbon such as ben- 
zene, toluene, or xylene; a halogenated hydrocarbon such as dichloromethane, chloroform, dichloromethane, 
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1 ,2-dichloroethane, or carbon tetrachloride; an ether such as diethyl ether, dlisopropyl ether, or tetrahydrofuran; or a 
mixture of the solvents indicated hereinbefore. The inert solvent is preferably a halogenated hydrocarbon or ether 
(most preferably dichloromethane or tetrahydrofuran). 

[0355] The activating reagent employed in the above reaction is, for example, a tetrazole derivative such as 1H- 
tetrazole, 5-methyl-1H-tetrazole, or 5-phenyMH-tetrazole (preferably 1H -tetrazole). 

[0356] The compound of formula (XXXII) is preferably a phosphoramidite such as diallyl N,N-diisopropylphosphor- 
amidite, dimethyl N,N-diisopropylphosphoramidite, diethyl N,N-diisopropylphosphoramidite, di-tert-butyl N,N-diisopro- 
pylphosphoramidite, dibenzyl N,N-diisopropylphosphoramidite, dimethyl N,N-diethylphosphoramidite, di-tert-butyl N, 
N-ethylphosphoramidite, dibenzyl N.N-diethylphosphoramidite, N,N-diethyl-1 ,5-dihydro-2,4,3-benzodioxaphosphep- 
in-3-amine, bis(2-cyanoethyl) N,N-diisopropylphosphoramidite, or bis(9-fluorenylmethyl) N,N-diisopropylphosphora- 
midite, most preferably diallyl N,N-diisopropylphosphoramidite. 

[0357] The reaction temperature depends on the starting material, solvent and the like and is usually between -1 0°C 
and 60°C (preferably between 0°C and 30°C). 

[0358] The reaction time depends on the starting material, solvent, reaction temperature, and the like and is generally 
from 10 minutes to 24 hours (preferably from 30 minutes to 2 hours). 

[0359] The ester of phosphorous acid thus obtained in the above reaction can be used in next oxidation reaction 
without isolation or purification. 

[0360] The inert solvent employed in the oxidation is the same solvent as that indicated for the reaction of the alcohol 
derivative of formula (I') with the compound of formula (XXXII). 

[0361] The oxidizing agent is, for example, a peroxide such as tert-butyl hydroperoxide, cumene hydroperoxide, m- 
chloroperbenzoic acid, 3,5-dinitroperbenzoic acid, o-carboxyperbenzoic acid, dimethyloxolane, peracetic acid, trifluor- 
operacetic acid, perphthalic acid, or hydrogen peroxide, preferably tert-butyl hydroperoxide or m-chloroperbenzoic acid. 
[0362] The reaction temperature depends on the ester of phosphorous acid, oxidizing agent, solvent and the like 
and is usually between -78°C and room temperature (preferably between -78°C and 0°C). 

[0363] The reaction time depends on the ester of phosphorous acid, oxidizing agent, solvent, reaction temperature, 

and the like and is generally from 5 minutes to 2 hours (preferably from 5 minutes to 30 minutes). 

[0364] When the protecting group of phosphoric acid is a lower alkyl group which may be optionally substituted with 

one or more cyano, optionally substituted silyl, aryl, heterocyclyl, arylthio, orsulfonyl groups or halogen atoms, said 

protecting group can be removed by acid hydrolysis in the presence of water in an inert solvent or by reaction with a 

trimethylsilyl halide (for example, trimethylsilyl bromide or trimethylsilyl iodide) in an inert solvent, 

[0365] The inert solvent employed in the above hydrolysis reaction is, for example, an alcohol such as methanol or 

ethanol; or an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran, or dioxane; preferably an ether and most 

preferably dioxane. 

[0366] The acid employed in the above reaction is, for example, an inorganic acid such as hydrochloric acid, sulfuric 
acid, phosphoric acid, or nitric acid; preferably hydrochloric acid. 

[0367] The reaction temperature is between 0°C and 150°C (preferably between 20°C and 1 00°C). 

[0368] The reaction temperature is from 1 hour to 60 hours (preferably from 1 hour to 48 hours). 

[0369] The inert solvent employed in the reaction with a trimethylsilyl halide is, for example, an aliphatic hydrocarbon 

such as hexane or heptane; an aromatic hydrocarbon such as benzene, toluene or xylene; a halogenated hydrocarbon 

such as dichloromethane, chloroform, dichloromethane, 1 ,2-dichloroethane, or carbon tetrachloride; a nitrile such as 

acetonitrile, or a mixture of the solvents indicated hereinbefore. The solvent is preferably a halogenated hydrocarbon 

or a nitrile (more preferably chloroform, dichloromethane or acetonitrile). 

[0370] The reaction temperature depends on the starting material, solvent and the like employed in the above reaction 
and is generally between -78°C and 100°C (preferably between 0°C and 80°C). 

[0371] The reaction time depends on the starting material, solvent, reaction temperature, and the like employed in 
the above reaction and is generally from 10 minutes to 24 hours (preferably from 1 hour to 6 hours). 
[0372] When the protecting group of phosphoric acid is a lower alkenyl group, said protecting group can be removed 
by reaction with a palladium compound in the presence of an amine, formic acid, a salt of formic acid, a trialkyltin 
compound or a compound having an active methylene group in an inert solvent. 

[0373] The inert solvent employed in the above reaction is, for example, an aliphatic hydrocarbon such as hexane 
or heptane; an aromatic hydrocarbon such as toluene, benzene, or xylene; a halogenated hydrocarbon such as chlo- 
roform or dichloromethane; a nitrile such as acetonitrile; an ester such as methyl acetate, ethyl acetate, or propyl 
acetate; an ether such as diethyl ether, diisopropyl ether, tetrahydrofuran or dioxane; an alcohol such as methanol, 
ethanol, n-propanol, or isopropanol; an organic acid such as acetic acid; water; or a mixture of water and a solvent 
indicated hereinbefore. The solvent is preferably a nitrile or an ether (particularly preferably acetonitrile or tetrahydro- 
furan). 

[0374] The amine employed in the above reaction is, for example, a tertiary amine such as triethylamine, trib- 
utylamine, diisopropylethylamine, N-methylmorpholine, 1 ,4-diazabicyclo[2.2.2]octane (DABCO); a secondary amine 
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such as diethylamine, dimethylamine, diisopropylamine, or pyrrolidine; or a primary amine such as ethylamine, pro- 
pylamine, butylamine, N-N-dimethylaniline, or N,N-diethylaniline. The preferred amine is pyrrolidine. 
[0375] The salt of formic acid employed in the above reaction is preferably the ammonium salt of formic acid, the 
triethylamine salt of formic acid, or the n-butylamine salt of formic acid. 
5 [0376] The trialkyltin compound employed in the above reaction is preferably trimethyltin, triethyltin or tributyltin and 
particularly preferably tributyltin. 

[0377] The compound having an active methylene group employed in the above reaction is, for example, an ester 
of malonic acid such as methyl malonate or ethyl malonate; an ester of cyanoacetic acid such as methyl cyanoacetate; 
an ester of a p-ketoacetic acid such as methyl acetoacetate, ethyl acetoacetate, or ethyl benzoate; a 1 ,3-diketone such 
10 as acetylacetone, benzoylacetone, dibenzoylmethane, 1 ,3-cyclopentanedione, 1 ,3-cyclohexanedione, or dimedone; 
or an alkali metal salt of a compound having an active methylene group indicated hereinbefore. The compound is 
preferably a sodium salt of a 1 ,3-diketone or an ester of malonic acid. 

[0378] The palladium compound employed in the above reaction is, for example, a palladium compound such as 
tetrakis(triphenylphosphine)pailadium, diacetoxypalladium, dichlorodi(triphenylphosphine)palladium, or bis(dibenzyli- 
'5 deneacetone)palladium. The preferred palladium compound is tetrakis(triphenylphosphine)palladium. 

[0379] The reaction temperature depends on the starting material, solvent and the like employed in the reaction and 
is generally between 0°C and 100°C (preferably between 20°C and 80°C). 

[0380] The reaction time depends on the starting material, solvent, reaction temperature, and the like employed in 
the reaction and is generally from 10 minutes to 48 hours (preferably from 30 minutes to 24 hours). 
20 [0381] When the protecting group of phosphoric acid is an arylmethyl group, said group is removed by the same 
procedure as that described in the case where the protecting group of the amino group is an aralkyl or aralkyloxycar- 
bonyl group in Step A7 indicated hereinbefore. 

[0382] When the protecting group of phosphoric acid is an aryi group, said group is removed by the same procedure 
as that described in the case where the protecting group of the amino group is a lower aliphatic acyl group, an aromatic 
25 acyl group, a lower alkoxycarbonyl group or a substituted methylene group which can form a Schiff base group in Step 
A7 indicated hereinbefore. 

[0383] When the protecting group of phosphoric acid is an amide group, said group is removed by the same acid 
treatment as that described in the case where the protecting group of the amino group is an aliphatic acyl group, an 
aromatic acyl group, an alkoxycarbonyl group or a substituted methylene group which can form a Schiff base in Step 

30 A7 indicated hereinbefore. 

[0384] After the reaction, the desired compound of each reaction can be isolated from the reaction mixture by con- 
ventional treatments, for example, if necessary, neutralization of the reaction mixture; or decomposition of the oxidizing 
agent with a reducing agent if the oxidizing agent is present in the reaction mixture, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 

35 acetate to the neutralized solution or the filtrate, separation of the organic layer containing the desired compound, 
washing the resulting organic layer with water, drying of the organic layer over anhydrous magnesium sulfate, anhy- 
drous sodium sulfate, anhydrous sodium hydrogencarbonate or the like, and then evaporation of the organic solvent 
to give the desired product. The product thus obtained, if necessary, is further purified by conventional procedures in 
organic chemistry, for example by recrystallization, reprecipitation, chromatography or an appropriate combination of 

40 these isolation or purification procedures. 

(Method J) 

[0385] Compounds of formula (III) can be produced by methods appropriately selected from Methods A to H, and 
^5 also can be prepared by Method J indicated hereinafter. 
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[0386] In the above reaction scheme R 1 , R 1a , R 2 , R 2a , R* R« a R5 f R 5a R 6 > R 6 a| R 7 f R 7 a> R 10 > R n f Yj Y a , Z, Z a and 
n have the same meanings as those indicated hereinbefore. 



[0387] Step J1 is a process for the preparation of aldehyde compounds of general formula (XXXIII) and is accom- 
plished by oxidation of an alcohol compound of general formula (I'). 

[0388] The oxidation reaction is not particularly restricted provided that it can convert a primary alcohol into the 
corresponding aldehyde and, for example, is the Collins oxidation which is conducted using pyridine and chromic acid 
in dichloromethane; the PCC oxidation which is conducted using pyridinium chlorochromate (PPC) in dichloromethane; 
the PDC oxidation which is conducted using pyridinium dichromate (PDC) in dichloromethane; the DMSO oxidation 
such as the Swern oxidation which is conducted using an electrophilic reagent (for example acetic anhydride, trifluor- 
oacetic anhydride, thionyl chloride, sulfuryl chloride, oxalyl chloride, dicyclohexylcarbodiimide, diphenylketene-p- 
tolylimine, N,N-diethylaminoacetylene, or sulfur trioxide - pyridine complex) and dimethyl sulfoxide (DMSO) in dichlo- 
romethane; the manganese dioxide oxidation which is conducted using manganese dioxide in dichloromethane or 
benzene; or the Dess-Martin oxidation which is conducted using the Dess-Martin periodinane in dichloromethane. 
Preferred oxidation reactions are the Dess-Martin oxidation, PDC oxidation or Swern oxidation in dichloromethane. 
[0389] The reaction temperature depends on the starting material, solvent, oxidizing agent and the like and is usually 
between -78°C and 100°C, preferably between -78°C and 30°C. 

[0390] The reaction time depends on the starting material, solvent, oxidizing agent, reaction temperature and the 
like and is usually from 10 minutes to 2 days, preferably from 30 minutes to 24 hours. 



[0391] Step J2 is a process for the preparation of a.p-unsaturated esters of phosphoric acid of formula (XXXV) and 
is accomplished by reaction of an aldehyde compound of formula (XXXIII) with a compound of general formula (XXXIV) 
in the presence of a base in an inert solvent. 

[0392] The inert solvent employed in the above reaction is not particularly restricted provided that it can dissolve the 
starting materials to some extent, and is preferably an aromatic hydrocarbon such as benzene, toluene, or xylene; a 
halogenated hydrocarbon such as dichloromethane, chloroform, or carbon tetrachloride; an ethersuch as diethyl ether, 
diisopropyl ether, tert-butyl methyl ether, or tetrahydrofuran; a nitrile such as acetonitrile or isobutyronitrile; an amide 
such as formamide; or a sulfoxide such as dimethyl sulfoxide. The solvent is more preferably an aromatic hydrocarbon 



Step J 1 



Step J2 
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or ether (most preferably benzene or tetrahydrofuran). 

[0393] The base employed in the above reaction is not particularly restricted provided that a carbanion corresponding 
to the compound of formula (XXXIV) can be produced by the base, and is preferably an alkali metal carbonate such 
as sodium carbonate or potassium carbonate; an alkali metal hydrogencarbonate such as sodium hydrogencarbonate 

5 or potassium hydrogencarbonate; an alkali metal hydride such as sodium hydride or potassium hydride; an alkali metal 
hydroxide such as sodium hydroxide or potassium hydroxide; an alkali metal alkoxide such as sodium methoxide, 
sodium ethoxide, potassium methoxide or potassium ethoxide; an organic amine such as N-methylmorpholine or tri- 
ethylamine; or an organometallic base such as butyllithium or lithium diisopropylamide. The base is more preferably 
an alkali metal alkoxide, an alkali metal hydride or an organometallic base, and most preferably sodium hydride. 

10 [0394] The reaction temperature depends on the starting material, solvent, phosphonium salt, base, and the like and 
is usually between -80°C and 100°C, preferably between -20°C and 50°C. 

[0395] The reaction time depends on the starting material, solvent, phosphonium salt, base, and the like and is 
usually from 10 minutes to 2 days, preferably from 10 minutes to 12 hours. 

15 step J3 

[0396] Step J3 is a process for the preparation of compounds of general formula (III) and is accomplished by reduction 
of an unsaturated ester of phosphoric acid of formula (XXXV) under an atmosphere of hydrogen in the presence of a 
catalyst for catalytic hydrogenation in an inert solvent, followed by, if necessary, removal of the protecting group of the 

20 amino, hydroxy!, carboxyl and/or phosphoric acid groups. 

[0397] The inert solvent employed in the reaction of the unsaturated ester of phosphoric acid of formula (XXXV) is 
not particularly restricted provided that it has no adverse effect on the reaction and can dissolve the starting materials 
to some extent, and is preferably an alcohol such as methanol, ethanol, or isopropanol, an ether such as diethyl ether, 
diisopropyl ether, tert-butyl methyl ether, tetrahydrofuran, or dioxane; an aromatic hydrocarbon such as benzene, tol- 

25 uene, or xylene; an aliphatic hydrocarbon such as hexane or cyclohexane; or an ester such as ethyl acetate or propyl 
acetate. The solvent is preferably an alcohol (most preferably methanol or ethanol). 

[0398] The catalyst employed in the above catalytic hydrogenation is preferably palladium - charcoal, palladium 
hydroxide - charcoal, palladium black, platinum oxide, platinum black, rhodium - aluminum oxide, triphenylphosphine 
- rhodium chloride (Wilkinson complex), palladium - barium sulfate or Raney nickel. The more preferred catalysts are 
30 palladium - charcoal and triphenylphosphine - rhodium chloride (Wilkinson complex). 

[0399] The pressure of hydrogen is not particularly restricted and is from 1 to 1 0 atmospheric pressures. 

[0400] The reaction temperature depends on the starting material, solvent, base, and the like and is usually between 

0°C and 100°C (preferably between 0°C and 50°C). 

[0401] The reaction time depends on the starting material, reaction temperature, solvent, and base and is usually 
35 from 5 minutes to 48 hours (preferably from 30 minutes to 24 hours). 

[0402] After the reaction, the desired compound of each reaction can be isolated from the reaction mixture by con- 
ventional treatments, for example, if necessary, neutralization of the reaction mixture, or decomposition of the oxidizing 
agent with a reducing agent if the oxidizing agent is present in the reaction mixture, or filtration of the reaction mixture 
when insoluble material is present in the reaction mixture, addition of a solvent immiscible with water such as ethyl 
40 acetate to the neutralized solution or the filtrate, separation of the organic layer containing the desired compound, 
washing the resulting organic layer with water, drying of the organic layer over anhydrous magnesium sulfate, anhy- 
drous sodium sulfate, anhydrous sodium hydrogencarbonate or the like, and then evaporation of the organic solvent 
to give the desired product. The product thus obtained, if necessary, is further purified by conventional procedures in 
organic chemistry, for example by recrystallization, reprecipitation, chromatography or an appropriate combination of 
45 these isolation or purification procedures. 

[0403] If necessary, the removal of the protecting group of the amino group, the removal of the protecting group of 
the hydroxyl group, or the removal of the protecting group of the carboxyl group can be accomplished by the same 
procedures as those indicated in Step A7 hereinbefore, and the removal of the protecting group of phosphoric acid 
can be accomplished by the same procedure as that indicated in Step 11 hereinbefore. 
50 [0404] Amino alcohol derivatives of general formula (I), phosphate derivatives of general formula (II), phosphonic 
acid derivatives of general formula (III), pharmacologically acceptable salts thereof, or pharmacologically acceptable 
esters thereof of the present invention exhibit excellent immunosuppressive activity with low toxicity. Therefore, phar- 
maceutical compositions comprising, as an active ingredient, compounds of formula (I), (II), or (III), pharmacologically 
acceptable salts thereof, or pharmacologically acceptable esters thereof of the present invention are useful as preven- 
ts tive or therapeutic agents (particularly therapeutic agents) for warm-blooded animals (particularly humans) for autoim- 
mune diseases or other immunology-related diseases such as rejection caused by transplantation of various organs 
or skin, systemic lupus erythematosus, rheumatoid arthritis, polymyositis, fibrositis, skeletal muscle inflammation, ar- 
throsteitis, osteoarthritis, dermatomyositis, scleoderma, Behcet's syndrome, Crohn's disease, ulcerative colitis, au- 
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toimmune hepatitis, aplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, multiple 
sclerosis, autoimmune bullosis, psoriasis vulgaris, vasculitis syndrome, Wegener's granuloma, uveitis, Sjogren's syn- 
drome, idiopathic interstitial pneumonia, Goodpasture's syndrome, sarcoidosis, allergic granulomatous angitis, bron- 
chial asthma, myocarditis, cardiomyopathy, aortitis syndrome, post myocardial infarction syndrome, primary pulmonary 

5 hypertension, minimal change nephrotic syndrome, membranous nephropathy, membranoproliferative glomerulone- 
phritis, focal glomerular sclerosis, crescentic glomerulonephritis, myasthenia gravis, inflammatory neuropathy, atopic 
dermatitis, chronic actinic dermatitis, photosensitivity, pressure sores, Sydenham's chorea, sclerosis, adult-onset type 
diabetes mellitus, insulin dependent diabetes mellitus, juvenile diabetes mellitus, atherosclerosis, glomerular nephritis, 
IgA nephropathy, tubulointerstitial nephritis, primary biliary cirrhosis, primary sclerosing cholangitis, fulminant hepatitis, 

10 viral hepatitis, GVHD, contact dermatitis, and sepsis; diseases of infection by fungus, mycoplasma, virus, and protozoon 
and the like; cardiovascular diseases such as cardiac failure, cardiac hypertrophy, arrhythmia, angina pectoris, cardiac 
ischemia, arterial embolism, aneurysm, varix, and circulation disorders; brain diseases such as Alzheimer's disease, 
dementia, Parkinson's disease, stroke, brain infarction, brain ischemia, depression, manic-depressive illness, schizo- 
phrenia, Huntington's chorea, epilepsy, convulsion, attention deficit disorder, encephalitis, cerebral meningitis, loss of 

15 appetite, and hyperphagia; and various diseases such as lymphoma, leukemia, diuresis, pollakisuria, and diabetic 
retinopathy (particularly, autoimmune diseases such as rejection caused by transplantation of various organs or skin, 
systemic lupus erythematosus, rhematoid arthritis, multiple sclerosis, and atopic dermatitis) 

[0405] The compounds of general formula (I), (II), or (III), pharmacologically acceptable salts thereof, or pharmaco- 
logically acceptable esters thereof of the present invention can be administered for the treatment or prevention of the 
20 above-mentioned diseases in a suitable dosage form, which is prepared from the compound alone or by mixing with 
a suitable pharmacologically acceptable excipient and/or diluent, such as tablets, capsules, granules, powders or syr- 
ups for oral administration, or injections or suppositories for parenteral administration. 

[0406] Preparations are prepared by conventionally known methods using additive agents such as excipients (for 
instance, organic excipients including sugar derivatives such as lactose, sucrose, glucose, mannitol, and sorbitol; starch 

25 derivatives such as corn starch, potato starch, a-starch, and dextrin; cellulose derivatives such as crystalline cellulose; 
gum arabic; dextran; pullulan; and inorganic excipients including silicate derivatives such as light anhydrous silicic 
acid, synthetic aluminum silicate, calcium silicate, and magnesium aiuminometasilicate; phosphates such as calcium 
hydrogenphosphate; carbonates such as calcium carbonate; and sulfates such as calcium sulfate), lubricants (for 
instance, stearic acid, metal salts of stearic acid such as calcium stearate and magnesium stearate; talc; colloidal silica; 

30 waxes such as veegum and spermaceti; boric acid; adipic acid; sulfates such as sodium sulfate; glycol; fumaric acid; 
sodium benzoate; DL-leucine; sodium fatty acid; laurylsuifates such as sodium lauryl sulfate and magnesium lauryl 
sulfate; silicates such as silicic anhydride and silicic hydrate; and the starch derivatives described above can be listed), 
binders (for instance, hydroxypropylcellulose, hydroxypropylmethylcellulose, polyvinylpyrrolidone, Macrogol, and sim- 
ilar excipients to those described above), disintegrants (for instance, cellulose derivatives such as low-substituted 

35 hydroxypropylcellulose, carboxymethylcellulose, calcium carboxymethylcellulose, and internally crosslinked sodium 
carboxymethylcellulose; and chemically modified starch/cellulose derivatives such as carboxymethylstarch, sodium 
carboxymethylstarch, and crosslinked polyvinylpyrrolidone), stabilizers (for instance, para-oxy benzoates such as 
methylparaben and propylparaben; alcohols such as chlorobutanol, benzylalcohol, and phenylethylalcohol; benzalko- 
nium chloride; phenols such as phenol and cresol ; thimerosal; dehydroacetic acid; and sorbic acid), flavors (for instance, 

40 conventionally employed sweeteners, acidifiers, and flavors), diluents, and the like. 

[0407] The dosage varies depending on the symptoms, age, etc. of the patient. For example, in the case of oral 
administration, it is desirable to administer 0.05 mg (preferably 5 mg) as a lower limit and 200 mg (preferably 40 mg) 
as an upper limit per one time for a h uman adult and one to six times per day depending on the symptoms of the patient. 
[0408] In the case of intravenous administration, it is desirable to administer 0.01 mg (preferably 1 mg) as a lower 

45 limit and 100 mg (preferably 10 mg) as an upper limit per one time for a human adult and one to six times per day 
depending on the symptoms of the patient. 

[Best mode for carrying out the invention] 

so [0409] The present invention will further be exemplified in more detail by the Examples, Reference examples, For- 
mulation examples, and Test examples. However the scope of the present invention is not limited by these Examples. 
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[Examples] 
(Example 1) 

5 (2R)-2-Amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl]butan-1 -ol oxalate (Exemplification compound number : 
1-621 having formula la-1) 

(1 a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl]butane 

10 [0410] To a suspension of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(5-bromofuran-2-yl)butane (0.3016 g, 0.91 
mmol) obtained in Reference example 6 t 5-phenylpent-1-yne (0.3974 g, 2.76 mmol), dichlorobis(triphenylphosphine) 
palladium(ll) (63.0 mg, 0.090 mmol) and copper(l) iodide (35.4 mg, 0.1 9 mmol) in /V,A/-dimethylformamide (9.0 ml) was 
added triethylamine (1 .25 ml, 9.0 mmol) with stirring, and the resulting mixture was stirred at room temperature under 
a nitrogen atmosphere for 10 hours. After stirring, saturated aqueous ammonium chloride solution was added to the 

15 reaction mixture to quench the reaction, and to the resulting mixture were furthermore added water and ethyl acetate. 
The resulting mixture was stirred at room temperature for 30 minutes and then extracted with ethyl acetate. The extract 
was washed successively with water and saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica 
gel column using a mixed solvent of ethyl acetate and hexane (1 : 1 ) as the eluent to afford the title compound (0.2841 

20 g, yield: 79 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.31-7.27 (m, 2H), 7.22-7.18 (m, 3H), 6.38 (d, 1H, J = 3.2 Hz), 5.98 (d, 1H, J 
= 3.2 Hz), 5.36 (br s, 1 H), 4.29 (d, J = 11 .2 Hz), 4.18 (d, 1H, J = 11 .2 Hz), 2.77 (t, 2H, J = 7.8 Hz), 2.64 (dt, 2H, J = 8.5 
Hz, 17.0 Hz), 2.44 (t, 2H, J = 7.1 Hz), 2.30-2.22 (m, 1H) , 2.09 (s, 3H), 2.01-1.88 (m, 6H), 1.35 (s, 3H). 
I R spectrum v max cm^ (CHCI 3 ) : 3691 , 3444, 2947, 1737, 1681, 1601, 1511, 1453, 1374, 1251, 1042, 812, 803. 
25 Mass spectrum (FAB + ) m/z : 396 ((M+H) + ). 

(1 b) (2R)-2-Amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl]butan-1 -ol oxalate 

[041 1] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-[5-(5-phenylpent-1 -ynyl)furan-2-yl]butane (0.271 0 g, 
30 0.69 mmol) obtained in Example (1 a) in a mixed solvent of tetrahydrof uran (1 .4 ml) and methanol (1 .4 ml) were added 
successively water (1 .4 ml) and lithium hydroxide monohydrate (0.2854 g, 6.80 mmol) with stirring, and the resulting 
mixture was stirred at50°Cfor 4 hours. After cooling, water was added to the reaction mixture, and the resulting mixture 
was extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and 
dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified 
35 by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol 
(100: 1) as the eluent to afford the crude (2R)-2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan-2-yl]butan-1-ol 
(0.2072 g). 

[0412] Subsequently, to a solution of the crude product thus obtained in methanol was added anhydrous oxalic acid 
(98% pure) (59.2 mg, 0.64 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After 
40 stirring, the reaction mixture was evaporated in vacuo, and ethyl acetate was added to the residue. The crystals pre- 
cipitated were collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title compound (0.2344 
g, yield: 91 %). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 6 : 7.29-7.25 (m, 2H), 7.21-7.14 (m, 3H), 6.40 (d, 1H, J = 3.0 Hz), 6.09 (d, 1H, 
J = 3.0 Hz), 3.59 (d, 1 H, J = 1 1 .6 Hz), 3.50 (d, 1 H, J = 11 .6 Hz), 2.77-2.65 (m, 4H), 2.41 (t, 2H, J = 7.0 Hz), 2.07-1 .83 
45 (m, 4H), 1.29 (s,3H). 

IR spectrum v max cm^ (KBr) : 3353, 3128, 2940, 1720, 1645, 1614, 1598, 1542, 1403, 1220, 1078, 789, 713, 700. 
Mass spectrum (FAB+) m/z : 31 2((M+H) + ; as free form of title compound). 

(Example 2) 

50 

(2R)-2-Amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]butan-1 -ol oxalate (Exemplification compound 
number : 1-570 having formula la-1) 

[041 3] The title compound was synthesized in a yield of 68 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-bro- 
55 mofuran-2-yl)butane obtained in Reference example 6 and 5-cyclohexylpenM-yne as the starting materials by con- 
ducting successively the reactions similar to those mentioned in Examples (1a) and (1b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 6 : 6.36 (d, 1H, J = 3.1 Hz), 6.08 (d, 1H,J = 3.1 Hz), 3.59 (d, 1H, J = 11.5 Hz), 
3.49 (d, 1 H, J = 11 .5 Hz), 2.77-2.64 (m, 2H), 2.39 (t, 2H, J = 7.2 Hz), 2.07-1 .90 (m, 2H), 1 .76-1 .54 (m, 7H), 1 .35-1 .12 
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(m, 9H), 0.96-0.86 (m, 2H). 

IR spectrum v max cm' 1 (KBr) : 3362, 3124, 2923, 2850, 1720, 1611, 1597, 1542, 1467, 1403, 1279, 1220, 1067, 967, 
791,721,700. 

Mass spectrum (FAB + ) m/z : 31 8((M+H) + ; as free form of title compound). 

5 

(Example 3) 

(2R)-2-Amlno-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butan-1 -ol oxalate (Exemplification compound 
number : 1-842 having formula la-1) 

10 

[0414] The title compound was synthesized in a yield of 66 % using (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(5-io- 
dofuran-2-yl)butane obtained in Reference example 7 and 4-cyclohexyloxybut-1 -yne as the starting materials by con- 
ducting successively the reactions similar to those mentioned in Examples (1a) and (1b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 6.40 (d, 1H, J = 3.3 Hz), 6.09 (d, 1H, J = 3.3 Hz), 3.63 (t, 2H, J = 6.6 Hz), 
15 3.58 (d, 1H, J = 11.7 Hz), 3.50 (d, 1 H, J = 11 .7 Hz), 3.39-3.32 (m, 1 H), 2.77-2.62 (m, 4H), 2.07-1 .89 (m, 4H), 1 .77-1 .73 
(m, 2H), 1 .56-1 .53 (m, 1 H), 1 .36-1 .23 (m, 8H). 

IR spectrum v max cm- 1 (KBr) : 3360, 3099, 2932, 2857, 1719, 1614, 1597, 1542, 1403, 1219, 1106,967, 785, 720,711. 
Mass spectrum (FAB+) m/z : 320((M+H) + ; as free form of title compound). 

20 (Example 4) 

(2R)-2-Amino-2-methyl-4-{5-[3-(3,4-dimethylphenyloxy)prop-1 -ynyl]furan-2-yl}butan-1 -ol oxalate (Exemplification 
compound number : 1-1836 having formula la-1) 

25 [041 5] The title compound was synthesized in a yield of 46 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-bro- 
mofuran-2-yl)butane obtained in Reference example 6 and 3-(3,4-dimethyl)phenyloxy-1-propyne as the starting ma- 
terials by conducting successively the reactions similar to those mentioned in Examples (1a) and (1b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.02 (d, 1H, J = 8.3 Hz), 6.77 (d, 1H, J = 2.7 Hz), 6.71 (dd, 1H, J = 8.3 Hz, 
2.7 Hz), 6.55 (d, 1H, J = 3.2 Hz), 6.14 (d, 1H, J = 3.2 Hz), 4.88 (s, 2H), 3.58 (d, 1 H, J = 11 .7 Hz), 3.49 (d, 1H, J = 11 .7 

30 Hz), 2.79-2.66 (m, 2H), 2.23 (s, 3H), 2.19 (s, 3H), 2.07-1.90 (m, 2H), 1.28 (s,3H). 

IR spectrum v max cm' 1 (KBr) : 3358, 3134, 2921,2582, 1720, 1649, 1616, 1579, 1542, 1499, 1370, 1286, 1250, 1223, 
1166, 1122, 1046, 1025, 802, 712. 

Mass spectrum (FAB + ) m/z : 328((M+H)+; as free form of title compound). 
35 (Example 5) 

(2R)-2-Amino-2-methyl-4-[5-(5-phenylpentanoyl)furan-2-yl]butan-1-ol oxalate (Exemplification compound number : 
1 -1 093 having formula la-1 ) 

40 [0416] To a solution of (2R)-2-amino-2-methyl-4-[5-(5-phenylpenM-ynyl)furan-2-yl]butan-1-ol (0.3440 g, 1.11 mmol) 
obtained in Example (1 b) in methanol (3.5 ml) was added a 6N aqueous sulfuric acid solution (3.5 ml) with stirring, and 
the resulting mixture was refluxedfor4hours. Aftercooling, the reaction mixture was neutralized with saturated aqueous 
sodium hydrogencarbonate solution, and then water and dichloromethane were furthermore added. The resulting mix- 
ture was stirred for 30 minutes and extracted with dichloromethane. The extract was washed with saturated aqueous 

45 sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of 
dichloromethane and methanol (100 : 1) as the eluent to afford the reaction product. 

[0417] Subsequently, to a solution of the reaction product thus obtained in methanol was added anhydrous oxalic 
acid (98% pure) (91 .8 mg, 1 .00 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After 
so stirring, the reaction mixture was evaporated in vacuo, and ethyl acetate was added to the residue. The crystals pre- 
cipitated were collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title compound (0.3687 
g, yield: 90%). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.31 (d, 1H, J = 3.6 Hz), 7.25-7.22 (m, 2H), 7.17-7.12 (m, 3H), 6.36 (d, 1H, 
J = 3.6 Hz), 3.61 (d, 1H, J = 11 .6 Hz), 3.52 (d, 1 H, J = 11 .6 Hz), 2.89-2.76 (m, 4H), 2.64 (t, 2H, J = 7.2 Hz), 2.13-1 ,95 
55 (m, 2H), 1 .75-1 .63 (m, 4H), 1 .30 (s,3H). 

IR spectrum v max cm' 1 (KBr) : 3108,3027,2981,2935, 1718, 1698, 1661, 1604, 1542, 1516, 1202, 1093, 1082, 1047, 
797, 700. 

Mass spectrum (FAB+) m/z : 330((M+H) + ; as free form of title compound). 
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(Example 6) 

(2R)-2-Amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butan-1-ol oxalate (Exemplification compound number: 1-93 
having formula la-1) 

5 

(6a) (2R)-1-Acetoxy-2-acetylamino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butane 

[0418] To a suspension of 10% palladium-charcoal (50% wet with water) (25 mg) in methanol (1 ml) was added a 
solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan-2-yl]butane (0.1245 g, 0.32 mmol) 

10 obtained in Example (1a) in methanol (1.5 ml), and the resulting mixture was stirred at room temperature under a 
hydrogen atmosphere for 8 hours. After stirring, the internal atmosphere was replaced with nitrogen, and the palladium- 
charcoal in the reaction mixture was filtered off using celite, which was washed with ethyl acetate. The filtrate and the 
washings were combined and evaporated to dryness in vacuo. The residue obtained was purified by chromatography 
on a silica gel column using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the title compound 

15 (0.1029 g, yield: 82%). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.29-7.26 (m, 2H), 7.19-7.16 (m, 3H), 5.87 (d, 1H, J = 3.0 Hz), 5.83 (d, 1H, J 
= 3.0 Hz), 5.36 (br s, 1H), 4.31 (d, 1H, J = 11.2 Hz), 4.17 (d, 1H, J = 11.2 Hz), 2.64-2.54 (m, 4H), 2.25-2.17 (m, 1H), 
2.08 (s, 3H), 2.05-1 .91 (m, 1 H), 1 .92 (s, 3H), 1 .69-1 .60 (m, 4H), 1 .43-1 .37 (m, 2H), 1 .35 (s, 3H). 
Mass spectrum (FAB + ) m/z : 400((M+H) + ; as free form of title compound). 

20 

(6b) (2R)-2-Amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butan-1 -ol oxalate 

[0419] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butane (99.7 mg, 
0.25 mmol) obtained in Example (6a) in a mixed solvent of tetrahydrofuran (0.5 ml) and methanol (0.5 ml) were added 

25 successively water (0.5 ml) and lithium hydroxide monohydrate (0.1 037 g, 2.47 mmol), and the resulting mixture was 
stirred at 50°C for 4 hours. After cooling, water was added to the reaction mixture, and the resulting mixture was 
extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol (1 00 : 

30 1 ) as the eluent to afford (2R)-2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl)butan-1 -ol (74.6 mg, yield: 95 %). 
[0420] Subsequently, to a solution of the reaction product thus obtained in methanol (2.3 ml) was added anhydrous 
oxalic acid (98% pure) (21.1 mg, 0.23 mmol) with stirring, and the resulting mixture was stirred at room temperature 
for 1 hour After stirring, the reaction mixture was evaporated in vacuo, and ethyl acetate was added to the residue. 
The crystals precipitated were collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title 

35 compound (78.1 mg, yield: 85 %). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.25-7.21 (m, 2H), 7.15-7.11 (m, 3H), 5.94 (d, 1H, J = 3.2 Hz), 5.87 (d, 1H, 
J = 3.2 Hz), 3.58 (d, 1 H, J = 11 . 6 Hz), 3.49 (d, 1 H, J = 11 .6 Hz), 2.69-2.53 (m, 6H), 2.04-1 .88 (m, 2H), 1 .67-1 .59 (m, 
4H), 1.40-1.32 (m, 2H), 1.28 (s,3H). 

IR spectrum v max cnr 1 (KBr) : 3119, 3025,2979,2928,2855, 1719, 1610, 1543, 1466, 1402, 1197, 1094, 1078, 1012, 
40 786, 746, 721 , 699. 

Mass spectrum (FAB + ) m/z : 31 6((M+H) + ; as free form of title compound). 

(Example 7) 

45 (2R)-2-Amino-2-methyl-4-[5-(4-cyciohexylmethoxyphenyl)furan-2-yl]butan-1 -ol oxalate (Exemplification compound 
number : 1-1433 having formula la-1) 

(7a) (2R)-1-Acetoxy-2-acetylamino-2-methyl-4-[5-(4-cyclohexylmethoxyphenyl)furan-2-yl]butane 

so [0421] (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-(5-iodofuran-2-yl)butane (0.2047 g, 0.51 mmol) obtained in Refer- 
ence example 7, 2-(4-cyclohexylmethoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.2400 g, 0.76 mmol), 
dichlorobis(triphenylphosphine)palladium(ll) (36.1 mg, 0.051 mmol) and cesium carbonate (0.6738 g, 2.03 mmol) were 
suspended in a mixed solvent of dimethoxyethane (4.0 ml) and water (1 ml) and stirred at 80°C for 4 hours. After 
cooling, water was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The 

55 extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo. 

[0422] Subsequently, to a solution of the residue obtained in dichloromethane (5.0 ml) were added successively 
triethylamine (0.72 ml, 5.2 mmol), acetic anhydride (0.24 ml, 2.6 mmol) and 4-dimethylaminopyridine (6.4 mg, 0.052 
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mmol), and the resulting mixture was stirred at room temperature for 2 hours. After stirring, methanol (0.10 ml, 2.5 
mmol) was added to quench the reaction, and to the reaction mixture were furthermore added ethyl acetate and water, 
and then the resulting mixture was extracted with ethyl acetate. The extract was washed successively with water, 
saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium chloride solution, and dried 
5 over anhydrous sodium sulfate. After filtration, the solvent, was removed in vacuo, and the residue was purified by 
chromatography on a silica gel column using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford 
the title compound (45.3 mg, yield: 20 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.55-7.51 (m, 2H), 7.00-6.87 (m, 2H), 6.39 (d, 1H, J = 3.1 Hz) , 6.06 (d, 1H, J 
= 3.1 Hz), 5.36 (br s, 1 H), 4.34 (d, J = 11 .2 Hz), 4.20 (d. 1 H, J = 11 .2 Hz), 3.76 (d, 2H, J = 2.5 Hz), 2.73-2.69 (m, 2H), 
10 2.35-2.27 (m, 1H), 2.09 (s, 3H), 2.08-1.99 (m, 1H), 1.91 (s, 3H), 1.93-1.69 (m, 6H), 1.38 (s, 3H), 1.37-1.18(m, 3H), 
1.10-1.00(m, 2H). 

Mass spectrum (FAB + ) m/z ; 442((M+H)+), 441 (M+). 

(7b) (2R)-2-Amino-2-methyl-4-[5-(4-cyclohexylmethoxyphenyl)furan-2-yl]butan-1 -ol oxalate 

15 

[0423] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[5-(4-cyclohexylmethoxyphenyl)furan-2-yl]butane 
(44.0 mg, 0.10 mmol) obtained in Example (7a) in a mixed solvent of tetrahydrofuran (0.4 ml) and methanol (0.4 ml) 
were added successively water (0.4 ml) and lithium hydroxide monohydrate (43.6 mg, 1.04 mmol), and the resulting 
mixture was stirred at 50°Cfor4 hours. After cooling, water was added to the reaction mixture, and the resulting mixture 
20 was extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and 
dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified 
by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol 
(50 : 1) as the eluent to afford the reaction product (35.2 mg, yield: 99 %). 

[0424] Subsequently, to a solution of the reaction product thus obtained in methanol (2.0 ml) was added anhydrous 
25 oxalic acid (98% pure) (8.9 mg, 0.1 0 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. 
After stirring, the reaction mixture was evaporated in vacuo, and acetone was added to the residue. The crystals 
precipitated were collected by filtration, washed with acetone and dried in vacuo to afford the title compound (28.2 mg, 
yield: 66%). 

1 H-NMR spectrum (CD 3 OD-DMSO-d 6 , 400MHz) S : 7.55 (d, 2H, J = 8.7Hz) , 6.93 (d, 2H, J = 8.7Hz), 7.16 (t, 1H, J = 
30 2.0Hz), 6.53 (d, 1 H, J = 3.2 Hz), 6.1 7 (d, 1 H, J = 3.2 Hz), 3.79 (d, 2H, J = 6.4 Hz), 3.58 (d, 1 H, J = 11 .7 Hz), 3.50 (d, 
1H, J = 11 .7 Hz), 3.28-3.27 (m, 2H), 2.09-1 .69 (m, 8H), 1 .38-1 .04 (m, 8H). IR spectrum v max cm' 1 (KBr) : 3387, 3235, 
2924, 2852, 2578, 1618, 1568, 1499, 1466, 1448, 1390, 1288, 1245, 1174, 1024, 828, 783, 765. 
Mass spectrum (FAB+) m/z : 358((M+H) + ). 

35 (Example 8) 

(2R)-2-Amino-2-methyl-4-{5-[3-(2-cyclohexylethoxy)phenyl]furan-2-yl}butan-1 -ol oxalate (Exemplification compound 
number: 1-1444 having formula la-1) 

40 [0425] The title compound was synthesized in a yield of 21 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-io- 
dofuran-2-yl)butane obtained in Reference example 7 and 2-[3-(2-cyclohexylethoxy)phenyl]-4,4,5,5-tetramethyl- 
1 ,3,2-dioxaborolane as the starting materials by conducting the reaction similar to that mentioned in Example 7. 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5: 7.27 (t, 1H, J = 8.0Hz), 7.21 (dd, 1H, J = 8.0Hz, 2.0Hz), 7.16 (t, 1H, J = 
2.0Hz), 6.80 (dd, 1 H, J = 8.0Hz, 2.0Hz), 6.69 (d, 1 H, J = 3.5 Hz), 6.21 (d, 1 H, J = 3.5 Hz), 4.04 (t, 2H, J = 6.6 Hz), 3.61 

45 (d, 1 H, J = 1 1 .6 Hz), 3.52 (d, 1 H, J = 1 1 .6 Hz), 2.83-2.78 (m, 2H), 2.62-2.60 (m, 1 H), 2.1 3-1 .97 (m, 2H), 1 .81 -1 .65 (m, 
6H), 1 .59-1 .49 (m, 1 H), 1 .31 -1 .02 (m, 6H), 1 .00-0.96 (m, 2H). 

IR spectrum v max cm' 1 (KBr) : 3213, 2925, 2850, 2571 , 1720, 1701, 1614, 1600, 1578, 1563, 1548, 1449, 1300, 1216, 
1205, 1052, 1033, 1017, 863, 772, 721, 689. 

Mass spectrum (FAB + ) m/z : 372((M+H) + ; as free form of title compound). 

50 

(Example 9) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]butan-1 -ol oxalate (Exemplification compound 
number: 1-621 having formula la-2) 

55 

[0426] The title compound was synthesized in a yield of 57 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 13 and 5-phenylpent-1-yne as the starting materials by 
conducting successively the reactions similar to those mentioned in Examples (1 a) and (1 b). 
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1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.28-7.14 (m, 5H), 6.1 6 (d, 1 H, J = 3.7 Hz), 5.80 (d, 1 H, J = 3.7 Hz), 3.63 (d, 
1H, J = 11 .6 Hz), 3.57 (s, 3H), 3.54 (d, 1H, J = 11.6 Hz), 2.77 (t, 2H, J = 7.6 Hz), 2.66-2.61 (m, 2H), 2.43 (t, 2H, J = 
7.0 Hz), 2.04-1 .96 (m, 1 H), 1 .92-1 .84 (m, 3H), 1 .33 (s,3H). 

I R spectrum v max cm" 1 (KBr) : 3212, 3026, 2935, 2897, 2571, 1719, 1700, 1611 , 1521 , 1496, 1454, 1405, 1279, 1218, 
5 1053,767,721,700. 

Mass spectrum (FAB+) m/z : 325((M+H) + ; as free form of title compound). 

(Example 10) 

10 (2R)-2-Amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]butan-1 -ol 1/2-oxalate (Exemplification 
compound number : 1-842 having formula la-2) 

[0427] The title compound was synthesized in a yield of 32 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 1 3 and 4-cyclohexyloxybuM -yne as the starting materials 
15 by conducting successively the reactions similar to those mentioned in Examples (1 a) and (1 b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 6.13 (d, 1H, J = 3.7 Hz), 5.79 (d, 1H, J = 3.7 Hz), 3.65 (t, 2H, J = 6.8 Hz), 
3.61 (d, 1H, J = 11.5 Hz), 3.56 (s, 3H), 3.53 (d, 1H, J = 11.5 Hz), 3.39-3.34 (m, 1H), 2.68-2.61 (m, 4H), 2.01-1 .83 (m, 
4H), 1 .78-1 .74 (m, 2H), 1 .56-1 .54 (m, 1 H), 1 .35-1 .21 (m, 8H). 

IR spectrum v max cm' 1 (KBr) : 3348, 2931, 2856, 1590, 1452, 1364, 1309, 1106, 762. 
20 Mass spectrum (FAB + ) m/z : 333((M+H) + ; as free form of title compound). 

(Example 11) 

(2R)-2-Amino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenyloxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol 1/2-oxalate 
25 (Exemplification compound number : 1 -833 having formula la-2) 

[0428] The title compound was synthesized in a yield of 29 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 13 and 3-(4-methylphenyloxy)-1-propyne as the starting 
materials by conducting successively the reactions similar to those mentioned in Examples (1a) and (1b). 
30 1H-NMR spectrum (CD 3 OD, 400MHz) 6 : 7.09 (d, 1H, J = 8.5 Hz), 6.90 (d, 1H, J = 8.5 Hz), 6.26 (d, 1H, J = 3.7 Hz), 
5.83 (d, 1 H, J = 3.7 Hz), 4.93 (s, 2H), 3.60 (d, 1 H, J = 11 .6 Hz), 3.53 (d, 1 H, J = 11 .6 Hz), 3.51 (s, 3H), 2.65-2.60 (m, 
2H), 2.26 (s,3H), 2.01 -1.93 (m, 1H), 1.89-1.82 (m, 1H), 1.30 (s,3H). 

I R spectrum v max cnrr 1 (KBr) : 3356, 2944, 2602,2220, 1586, 1510, 1455, 1365, 1295, 1228, 1178, 1071, 1042, 1015, 
815, 762. 

35 Mass spectrum (FAB + ) m/z : 327((M+H) + ; as free form of title compound). 
(Example 12) 

(2R)-2-Amino-2-methyl-4-{1-methyl-5-[3-(3,4-dimethylphenyloxy)prop-1-ynyl]pyrrol-2-yl^ 1/2-oxalate 
40 (Exemplification compound number : 1-1836 having formula la-2) 

[0429] The title compound was synthesized in a yield of 33 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 1 3 and 3-(3,4-dimethylphenyloxy)-1 -propyne as the start- 
ing materials by conducting successively the reactions similar to those mentioned in Examples (1a) and (1b). 
45 1H-NMR spectrum (CD 3 OD, 400MHz) 6 : 7.02 (d, 1H, J = 8.2 Hz), 6.81 (d, 1H, J = 2.5 Hz), 6.73 (dd, 1H, J = 8.2 Hz, 
2.5 Hz), 6.26 (d, 1 H, J = 3.9 Hz), 5.83 (d, 1 H, J = 3.9 Hz), 4.91 (s, 2H), 3.61 (d, 1 H, J = 1 1 .4 Hz), 3.53 (d, 1 H, J = 11 .4 
Hz), 3.52 (s, 3H), 2.65-2.61 (m, 2H), 2.23 (s, 3H), 2.18 (s, 3H), 1 .99-1 .93 (m, 1 H), 1 .90-1 .82 (m, 1 H) , 1 .31 (s,3H). 
IR spectrum v max cnrr 1 (KBr) : 3420, 2943, 2631,2213, 1584, 1503, 1455, 1365, 1301, 1251, 1207, 1163, 1025, 806, 
762. 

so Mass spectrum (FAB + ) m/z : 341 ((M+H) + ; as free form of title compound). 
(Example 13) 

(2R)-2-Amino-2-methyl-4-[5-(4-phenylbut-1-ynyl)furan-2-yl]butan-1-ol oxalate (Exemplification compound number: 
55 1-559 having formula la-1) 

[0430] The title compound was synthesized in a yield of 61 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-bro- 
mofuran-2-yl)butane obtained in Reference example 6 and 4-phenylbut-1-yne as the starting materials by conducting 
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successively the reactions similar to those mentioned'in Examples (1a) and (1b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.29-7.17 (m, 5H), 6.35 (d, 1H, J = 3.4 Hz), 6.07 (d, 1H, J = 3.4 Hz), 3.59 (d, 
1 H, J = 11 .7 Hz), 3.50 (d, 1 H, J = 11 .7 Hz), 2.87 (t, 2H, J = 7.3 Hz), 2.77-2.64 (m, 4H), 2.06-1 .89 (m, 2H), 1 .29 (s,3H). 
I R spectrum v max cm- 1 (KBr) : 3353, 3140,2924, 2896, 1724, 1651, 1617, 1598, 1542, 1403, 1221, 1075, 1054, 1010, 
5 784,713,501. 

Mass spectrum (ESI + ) m/z : 298((M+H) + ; as free form of title compound). 

(Example 14) 

10 (2R)-2-Amino-2-methyl-4-{5-[5-(4-chlorophenyl)pent-1 -ynyl]furan-2-yl}butan-1 -ol oxalate (Exemplification compound 
number : 1-628 having formula la-1) 

[0431] The title compound was synthesized in a yield of 60 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-io- 
dofuran-2-yl)butane obtained in Reference example 7 and 5-(4-chlorophenyl)pent-1-yne as the starting materials by 
15 conducting successively the reactions similar to those mentioned in Examples (1a) and (1 b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.28-7.25 (m, 2H), 7.20 (d, 1 H, J = 8.3 Hz), 6.40 (d, 1 H, J = 3.4 Hz), 6.09 (d, 
1 H, J = 3.4 Hz), 3.59 (d, 1 H, J = 11 .7 Hz), 3.51 (d, 1 H, J = 11.7 Hz), 2.78-2.65 (m, 4H), 2.42 (t, 2H, J = 6.8 Hz), 2.08-1 .83 
(m, 4H), 1.29 (s, 3H). 

I R spectrum v max cm' 1 (KBr) : 3257, 3105, 2936, 1718, 1598, 1540, 1493, 1405, 1280, 1202, 1093, 1015, 828, 792, 
20 721,701,502. 

Mass spectrum (FAB + ) m/z : 346((M+H) + ; as free form of title compound). 

(Example 15) 

25 (2R)-2-Amino-2-methyl-4-{5-[5-(3-trifluoromethylphenyl)pent-1 -ynyl]furan-2-yl}butan-1 -ol oxalate (Exemplification 
compound number : 1-640 having formula la-1) 

[0432] The title compound was synthesized in a yield of 58 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-io- 
dofuran-2-yl)butane obtained in Reference example 7 and 5-(3-trifluoromethylphenyl)pent-1-yne as the starting mate- 
30 rials by conducting successively the reactions similar to those mentioned in Examples (1 a) and (1 b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 6 : 7.51-7.48 (m, 4H), 6.41 (d, 1H, J = 3.3 Hz), 6.10 (d, 1H, J = 3.3 Hz), 3.59 (d, 
1 H, J = 1 1 .6 Hz), 3.51 (d, 1 H, J = 1 1 .6 Hz), 2.85 (t, 2H, J = 7.4 Hz), 2.78-2.66 (m, 2H), 2.44 (t, 2H, J = 7.0 Hz), 2.08-1 .87 
(m, 4H), 1.29 (s,3H). 

IR spectrum v max cm' 1 (KBr) : 3358, 3139, 2935, 1722, 1651, 1615, 1597, 1542, 1403, 1326, 1222, 1168, 1119, 1073, 
35 797, 721,713, 703,503. 

Mass spectrum (FAB+) m/z : 380((M+H) + ; as free form of title compound). 

(Example 1 6) 

40 (2R)-2-Amino-2-methyl-4-{5-[3-(4-methylphenyloxy)prop-1 -ynyl]furan-2-yl}butan-1 -ol oxalate (Exemplification 
compound number : 1-833 having formula la-1) 

[0433] The title compound was synthesized in a yield of 1 1 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-bro- 
mofuran-2-yl)butane obtained in Reference example 6 and 3-(4-methylphenyloxy)-1 -propyne as the starting materials 
45 by conducting successively the reactions similar to those mentioned in Examples (1 a) and (1b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.13-7.06 (m, 2H), 6.92-6.84 (m. 2H), 6.55 (d, 1H, J = 3.4 Hz), 6.13 (d, 1H, 
J = 3.4 Hz), 4.90 (s, 2H), 3.59 (d, 1H, J = 11.7 Hz), 3.50 (d, 1H, J = 11.7 Hz), 3.34-3.28 (m, 2H), 2.80-2.64 (m, 2H), 
2.27 (s, 3H), 2.07-1.87 (m, 2H), 1.28 (s, 3H). 

IR spectrum v max cm' 1 (KBr) : 3352, 3138, 2921, 2893, 1727, 1653, 1616, 1596, 1544, 1511, 1373, 1224, 1018, 713. 
so Mass spectrum (FAB + ) m/z : 31 4((M+H) + ; as free form of title compound). 

(Example 17) 

(2R)-2-Amino-2-methyl-4-{5-[3-(4-methylthiophenyloxy)prop-1 -ynyl)furan-2-yl}butan-1 -ol oxalate (Exemplification 
55 compound number : 1-838 having formula la-1) 

[0434] The title compound was synthesized in a yield of 1 5 % usinq (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-bro- 
mofuran-2-yl)butane obtained in Reference example 6 and 3-(4-methylthiophenyloxy)-1 -propyne as the starting ma- 
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terials by conducting successively the reactions similar to those mentioned in Examples (1 a) and (1 b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.30-7.25 (m, 2H), 6.99-6.94 (m, 2H), 6.57 (d, 1H, J = 3.5 Hz), 6.14 (d, 1H, 
J = 3.5 Hz), 4.94 (s, 2H), 3.59 (d, 1 H, J = 1 1 .6 Hz), 3.50 (d, 1 H, J = 1 1 .6 Hz), 2.80-2.65 (m, 2H), 2.42 (s, 3H), 2.08-1 .88 
(m, 2H), 1.28 (s, 3H). 

5 IR spectrum v max cm' 1 (KBr) : 3359,3136,3089,2920,2230, 1722, 1646, 1618, 1594, 1542, 1493, 1373, 1279, 1230, 
1073, 1039, 1015, 820, 797, 712. 

Mass spectrum (FAB + ) m/z : 346((M+H) + ; as free form of title compound). 
(Example 18) 

10 

(2R)-2-Amino-2-methyl-4-[5-(4-phenyloxybut-1 -ynyl)f uran-2-yl]butan-1 -ol oxalate (Exemplification compound 
number : 1-893 having formula la-1) 

[0435] The title compound was synthesized in a yield of 42 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-io- 
15 dofuran-2-yl)butane obtained in Reference example 7 and 4-phenyloxybut-1 -yne as the starting materials by conduct- 
ing successively the reactions similar to those mentioned in Examples (1a) and (1b), 

1 H-NMR spectrum (DMSO-d 6 , 400MHz) 6 : 7.32-7.28 (m, 2H), 6.98-6.93 (m, 3H), 6.78 (d, 1 H, J = 3.2 Hz), 6.16 (d, 1H, 
J = 3.2 Hz), 4.1 3 (t, 2H, J = 6.4 Hz) , 3.40 (dd, 2H, J = 1 9.8 Hz, 1 1 .4 Hz), 2.93 (t, 2H, J = 6.4 Hz), 2.66 (t, 2H, J = 8.5 
Hz), 1 .95-1 .75 (m, 2H), 1.16 (s, 3H). 
20 |R spectrum v max cm' 1 (KBr) : 3115, 2978,2940, 1719, 1600, 1547, 1498, 1248, 1204, 1081, 1039, 752, 700. 
Mass spectrum (FAB+) m/z : 314((M+H) + ; as free form of title compound), 



Elemental analysis (% as CjgH^NC^^HgC^) 


Calculated 
Found 


C; 62.52, H; 6.25, N; 3.47 
C; 62.47, H; 6.14, N; 3.42. 



(Example 19) 

30 (2R)-2-Amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)furan-2-yl]butan-1 -ol hydrochloride (Exemplification compound 
number : 1-570 having formula la-1) 

(1 9a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)f uran-2-yl]butane 

35 [0436] To a suspension of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(5-iodofuran-2-yl)butane (4.1685 g, 10.99 
mmol) obtained in Reference example 7, 5-cyclohexylpent-1 -yne (4.48 g, 29.8 mmol), dichlorobis(triphenylphosphine) 
palladium(ll) (0.7730 g, 1.10 mmol) and copper(l) iodide (0.4205 g, 2.21 mmol) in A/,/V-dimethylformamide (110 ml) 
was added triethylamine (15.3 ml, 110.1 mmol) with stirring, and the resulting mixture was stirred at 60°C under a 
nitrogen atmosphere for 2 hours. After cooling, saturated aqueous ammonium chloride solution was added to the 

40 reaction mixture to quench the reaction, and furthermore water and ethyl acetate were added. The resulting mixture 
was stirred at room temperature for 30 minutes and then extracted with ethyl acetate. The extract was washed suc- 
cessively with water and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the title compound (2.6576 g, yield: 

45 60%). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 6.36 (d, 1 H, J = 2.9 Hz), 5.97 (d, 1 H, J = 2.9 Hz), 5.36 (br s, 1 H), 4.29 (d, J = 
11.0 Hz), 4.17 (d, 1H, J = 11.0 Hz), 2.63 (t, 2H, J = 8.1 Hz), 2.40 (t, 2H, J = 7.3 Hz), 2.29-2.21 (m, 1H), 2.09 (s, 3H), 
2.00-1 .93 (m, 1 H), 1 .92 (s, 3H), 1 .72-1 .51 (m, 7H), 1 .35 (s, 3H), 1 .33-1 .08 (m, 6H), 0.93-0.84 (m, 2H). 
Mass spectrum (FAB + ) m/z : 402((M+H) + ). 

50 

(1 9b) (2R)-2-Amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)furan-2-yl]butan-1 -ol hydrochloride 

[0437] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]butane 
(1 .2996 g, 3.24 mmol) obtained in Example (1 9a) in a mixed solvent of tetrahydrofuran (6.4 ml) and methanol (6.4 ml) 
55 were added successively water (6.4 ml) and lithium hydroxide monohydrate (1 .3590 g, 32.39 mmol) with stirring, and 
the resulting mixture was stirred at 50°C for 4 hours. After cooling, water was added to the reaction mixture, and the 
resulting mixture was extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride 
solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue 
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was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and 
methanol (100 : 1) as the eluent to afford the crude (2R)-2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl] 
butan-1-ol (1.0048 g). 

[0438] Subsequently, to a solution of the crude product obtained above in methanol (1 6 ml) was added a 4N hydro- 
5 chloric acid-dioxane solution (0.79 ml, 3.16 mmol) with stirring, and the resulting mixture was stirred at room temper- 
ature for 1 0 minutes. After stirring, the reaction mixture was evaporated in vacuo, and ether was added to the residue. 
The crystals precipitated were collected by filtration, washed with ether and dried in vacuo to afford the title compound 
(1 .0392 g, yield: 91 %). 
Melting point: 117- 118 °C, 

10 Angle of rotation : [ct] D = +2.43 (c=1 .00, MeOH), 1 H-NMR spectrum (CD 3 OD, 400MHz) S : 6.36 (d, 1 H, J = 3.3 Hz), 
6.08 (d, 1H, J = 3.3 Hz), 3.59 (d, 1H, J = 11.6 Hz), 3.49 (d, 1H, J = 11.6 Hz), 2.77-2.64 (m, 2H), 2.39 (t, 2H, J = 7.1 
Hz), 2.07-1 .89 (m, 2H), 1 .76-1 .54 (m, 7H), 1 .35-1 .12 (m, 9H), 0.96-0.86 (m, 2H). 

I R spectrum v max cm' 1 (KBr) : 3138, 2921, 2850, 2693, 2571, 1615, 1595, 1534, 1448, 1402, 1369, 1298, 1197, 1058, 
788. 

15 Mass spectrum (FAB + ) m/z : 31 8 ((M+H) + ; as free form of title compound). 
(Example 20) 

(2R)-2-Amino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butan-1 -ol hydrochloride (Exemplification 
20 compound number : 1-842 having formula la-1) 

[0439] The title compound was synthesized in a yield of 57 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-io- 
dofuran-2-yl)butane obtained in Reference example 7 and 4-cyclohexyloxybuM-yne as the starting materials by con- 
ducting successively the reactions similar to those mentioned in Examples (19a) and (19b). 
25 Melting point: 115- 11 8°C, 

Angle of rotation : [a] D = +2.63 (c=1 .00, MeOH), 

1 H-NMR spectrum (CD 3 OD, 400MHz) 6 : 6.40 (d, 1H, J = 3.4 Hz), 6.09 (d, 1H, J = 3.4 Hz), 3.63 (t, 2H, J = 6.6 Hz), 
3.58 (d, 1 H, J = 1 1 .6 Hz), 3.50 (d, 1 H, J = 11 .6 Hz), 3.39-3.32 (m, 1 H), 2.76-2.62 (m, 4H), 2.07-1 .87 (m, 4H), 1 .78-1 .73 
(m, 2H), 1.56-1.53 (m, 1H), 1.35-1.19 (m, 8H). 
30 |R spectrum v max cm-1 (KBr) : 3204, 2931, 2858, 2667, 2570, 1611,1597, 1537, 1450, 1390, 1364, 1199, 1107, 1067, 
1032, 1002, 967, 952, 786. 

Mass spectrum (FAB + ) m/z : 320((M+H) + ; as free form of title compound). 
(Example 21) 

35 

(2R)-2-Amino-2-methyl-4-[5-(4-phenyloxybutanoyl)furan-2-yl]butan-1 -ol fumarate (Exemplification compound 
number : 1 -1 1 99 having formula la-1 ) 

(21 a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[5-(4-phenyloxybutanoyl)furan-2-yl]butane 

40 

[0440] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(furan-2-yl)butane (0.2589 g, 1 .02 mmol) obtained 
in Reference example (5b) and 4-phenyloxybutanoyl chloride (0.2446 g, 1 .23 mmol) in dichloromethane (9.0 ml) was 
added dropwise a solution of tin chloride (IV) in n-heptane (1 .0 mmol/l) (2.05 ml, 2.05 mmol) at -78°C over a 5-minute 
interval with stirring under a nitrogen atmosphere, and the resulting mixture was furthermore stirred at the same tem- 
45 perature for 2 hours. After stirring, saturated aqueous sodium hydrogencarbonate solution was added to the reaction 
mixture with stirring at the same temperature to quench the reaction, and then the temperature of the reaction mixture 
was raised to room temperature. 

[0441] Subsequently, the reaction mixture was diluted with ethyl acetate, and insoluble materials were filtered off. 
The filtrate was extracted with ethyl acetate, and the extract was washed successively with water and saturated aque- 
50 ous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in 
vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of ethyl acetate 
and hexane (2:1 - 1 :0) as the eluent to afford the title compound (0.1483 g, yield: 35 %). 

1 H-NMR spectrum(CDCI 3 , 400MHz) 5 : 7.29-7.25 (m, 2H), 7.13 (d, 1H, J = 3.3 Hz), 7,00-6.87 (m, 3H), 6.18 (d, 1H, J 
= 3.3 Hz), 5.42 (br s, 1H), 4.30 (d, J = 11 .2 Hz), 4.15 (d, 1H, J = 11 .2 Hz), 4.04 (t, 2H, J = 6.0 Hz), 3.00 (t, 2H, J = 7.2 
55 Hz), 2.75-2.68 (m, 2H), 2.38-2.30 (m, 1 H), 2.26-2.1 7 (m, 2H), 2. 1 0 (s, 3H), 2.07-2.1 .99 (m, 1 H), 1 .94 (s, 3H), 1 .34 (s, 3H). 
Mass spectrum (FAB+) m/z : 916((M+H) + ). 
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(21b) (2R)-2-Amino-2-methyl-4-[5-(4-phenyloxybutanoyl)furan-2-yl]butan-1-ol fumarate 

[0442] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-[5-(4-phenyloxybutanoyl)furan-2-yl]butane (0.2031 
g, 0.49 mmol) obtained in Example (21a) in a mixed solvent of tetrahydrofuran (1.0 ml) and methanol (1.0 ml) were 

5 added successively water (1 .0 ml) and lithium hydroxide monohydrate (0.2065 g, 4.92 mmol), and the resulting mixture 
was stirred at 50°C for 4 hours. After cooling, water was added to the reaction mixture, and the resulting mixture was 
extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol (1 00 : 

10 1) as the eluent to afford the crude (2R)-2-amino-2-methyi-4-[5-(4-phenyloxybutanoyl)furan-2-yl]butan-1-ol (58.4 mg). 
[0443] Subsequently, to a solution of the crude product thus obtained in methanol (1 .7 ml) was added fumaric acid 
(20.1 mg, 0.17 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After stirring, the 
reaction mixture was evaporated in vacuo, and ethyl acetate was added to the residue. The crystals precipitated were 
collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title compound (61 .5 mg, yield: 29 %), 

15 1H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.33 (d, 1H, J = 3.4 Hz), 7.26-7.21 (m, 2H), 6.91-6.84 (m, 3H), 6.35 (d, 1H, 
J = 3.4 Hz), 6.25 (s, 2H), 4.03 (t, 2H, J = 6.0 Hz), 3.60 (d, J = 11 .7 Hz), 3.51 (d, 1H, J = 11 .7 Hz), 3.01 (t, 2H, J = 7.2 
Hz), 2.88-2.75 (m, 2H) , 2.18-1 .95 (m, 4H), 1 .30 (s, 3H). 

IR spectrum v max crrr 1 (KBr) : 3112, 3038, 2961, 1671, 1583, 1517, 1498, 1386, 1357, 1245, 1081, 1039, 869, 757, 
719,693. 

20 Mass spectrum (FAB*) m/z : 332((M+H) + ; as free form of title compound), 



Elemental analysis (% as C 19 H 25 N0 4 -C 4 H 4 0 4 ) 

Calculated j C; 61.73, H; 6.53, N;3.13 
Found | C;61.57, H; 6.40, N; 2.93. 



(Example 22) 

(2R)-2-Amino-2-methyl-4-{5-[3-(4-chlorophenyloxy)prop-1 -ynyl]furan-2-yl}butan-1 -ol oxalate (Exemplification 
30 compound number : 1 -1 831 having formula la-1 ) 

(22a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[5-(3-hydoxyprop-1 -ynyl)furan-2-yl]butane 

[0444] To a suspension of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(5-iodofuran-2-yl)butane (1 .5900 g, 4.1 9 mmol) 
35 obtained in Reference example 7, 3-propyn-1-ol (0.73 ml, 12.54 mmol), dichlorobis(triphenylphosphine)palladium(ll) 
(0.2940 g, 0.42 mmol) and copper (I) iodide (0.161 g, 0.85 mmol) in /V,/V-dimethylformamide (42 ml) was added tri- 
ethylamine (5.85 ml, 42.9 mmol) with stirring, and the resulting mixture was stirred at 60°C under a nitrogen atmosphere 
for 2 hours. After stirring, saturated aqueous ammonium chloride solution was added to the reaction mixture to quench 
the reaction, and furthermore water and ethyl acetate were added. The resulting mixture was stirred at room temper- 
40 ature for 30 minutes and then extracted with ethyl acetate. The extract was dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (2:1 - 1 :0) to afford the title compound (1 .0748 g, yield: 83 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 6.50 (d, 1 H, J = 3.2 Hz), 6.01 (d, 1 H, J = 3.2 Hz), 5.39 (br s, 1 H), 4.50 (s, 2H), 
4.29 (d, 1H, J = 11.3 Hz), 4.16 (d, 1H, J = 11.3 Hz), 2.70-2.60 (m, 2H), 2.32-2.24 (m, 1H), 2.10 (s, 3H), 2.03-1.95 (m, 
45 1 H), 1 .94 (s, 3H), 1 .77 (br s, 1 H), 1 .34 (s, 3H). 
Mass spectrum (FAB + ) m/z : 308((M+H) + ). 

(22b) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[5-(3-bromoprop-1 -ynyl)f uran-2-yl]butane 

so [0445] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-[5-(3-hydroxyprop-1 -ynyl)furan-2-yl]butane 
(0.9515 g, 3.10 mmol) obtained in Example (22a) and triphenylphosphine (1.2375 g, 3.73 mmol) in dichloromethane 
(15 ml) was added carbon tetrabromide (1 .0545 g, 4.02 mmol) with stirring under ice-cooling, and the resulting mixture 
was stirred at the same temperature for 30 minutes. After stirring, methanol (0.2 ml) was added to the reaction mixture 
at the same temperature to quench the reaction, and then the temperature of the reaction mixture was raised to room 

55 temperature. 

[0446] Subsequently, the resulting mixture was evaporated in vacuo, and the residue was purified by chromatography 
on a silica gel column using a mixed solvent of dichloromethane and acetone (9 : 1) as the eluent to afford the title 
compound (0.9278 g, yield: 82 %). 
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1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.54 (d, 1 H, J = 3.0 Hz), 6.02 (d, 1 H, J = 3.0 Hz), 5.37 (br s, 1 H), 4.29 (d, 1 H, 
J = 1 1 .0 Hz), 4.1 8 (s, 2H), 4.1 6 (d, 1 H, J = 1 1 .0 Hz), 2.69-2.60 (m, 2H), 2.32-2.24 (m, 1 H), 2.1 0 (s, 3H), 2.02-1 .95 (m, 
1 H), 1 .94 (s, 3H), 1 . 34 (s, 3H). 

(22c) (2R)-1-Acetoxy-2-acetylamino-2-methyl-4-{5-[3-(4-chlorophenyloxy)prop-1-ynyl]furan-2-yl} 

[0447] To a suspension of sodium hydride (content: 60%) (40.0 mg, 1,00 mmol) in A/,A/-dimethylformamide (4 ml) 
was added 4-chlorophenol (0.1302 g, 1 .01 mmol) with stirring under ice-cooling, and the resulting mixture was stirred 
at room temperature for 30 minutes. 

[0448] Subsequently, to the reaction mixture was added a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-[5-(3-bromoprop-1-ynyl)furan-2-yl]butane (0.3050 g, 0.82 mmol) obtained in Example (22b) in A/,A/-dimethylforma- 
mide (4 ml) with stirring under ice-cooling, and then the resulting mixture was stirred at room temperature for 30 minutes. 
After stirring, saturated aqueous ammonium chloride solution was added to the reaction mixture to quench the reaction, 
and then the reaction mixture was diluted with water and ethyl acetate and extracted with ethyl acetate. The extract 
was washed successively with water and saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica 
gel column using a mixed solvent of dichloromethane and acetone (10 : 1) as the eluent to afford the title compound 
(0.3188 g, yield: 93%). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.28-7.25 (m, 2H), 6.96-6.92 (m, 2H), 6.52 (d, 1 H, J = 3.4 Hz), 6.01 (d, 1 H, J 
= 3.4 Hz), 5.36 (br s, 1 H), 4.90 (s, 2H), 4.29 (d, 1 H, J = 1 1 .3 Hz), 4.1 5 (d, 1 H, J = 1 1 .3 Hz), 2.67-2.59 (m, 2H), 2.31 -2.24 
(m, 1 H), 2.09 (s, 3H), 2.02-1 .94 (m, 1 H), 1 .93 (s, 3H), 1 .34 (s, 3H). 

IR spectrum v max cm" 1 (CHCI 3 ) : 3444, 2225, 1738, 1681, 1511, 1491, 1450, 1373, 1286, 1249, 1173, 1093, 1039, 
1014, 824. 

Mass spectrum (FAB+) m/z : 418((M+H) + ). 

(22d) (2R)-2-Amino-2-methyl-4-{5-[3-(4-chIorophenyloxy)prop-1 -ynyl]furan-2-yl}butan-1 -ol oxalate 

[0449] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-{5-[3-(4-chloropheny!oxy)prop-1-ynyl]furan-2-yl} 
butane (0.3083 g, 0.74 mmol) obtained in Example (22c) in a mixed solvent of tetrahydrofuran (1 .5 ml) and methanol 
(1 .5 ml) were added successively water (1 .5 ml) and lithium hydroxide monohydrate (0.3096 g, 7.38 mmol), and the 
resulting mixture was stirred at 50°C for 4 hours. After cooling, water was added to the reaction mixture, and the 
resulting mixture was extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride 
solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue 
was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and 
methanol (50 : 1) as the eluent to afford the crude (2R)-2-amino-2-methyl-4-{5-t3-(4-chlorophenyloxy)prop-1-ynyl] 
furan-2-yl)butan-1-ol (0.2156 g). 

[0450] Subsequently, to a solution of the crude product thus obtained in methanol (6.4 ml) was added anhydrous 
oxalic acid (98% pure) (59.1 mg, 0.64 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. 
After stirring, the reaction mixture was evaporated in vacuo, and acetone was added to the residue. The crystals 
precipitated were collected by filtration, washed with acetone and dried in vacuo to afford the title compound (0.2307 
g, yield: 75 %). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.30-7.26 (m, 2H), 7.01-6.97 (m, 2H), 6.57 (d, 1H, J = 3.2 Hz), 6.14 (d, 1H, 
J = 3.2 Hz), 4.96 (s, 2H), 3.58 (d, 1H, J = 11.7 Hz), 3.50 (d, 1H, J = 11.7 Hz), 2.79-2.66 (m, 2H), 2.07-1.89 (m, 2H), 
1.28 (s, 3H). 

IR spectrum v max cm- 1 (KBr) : 3401, 3120,2979,2925, 2228, 1725, 1615, 1547, 1492, 1373, 1234, 1217, 1200, 1086, 
1044, 1016, 830, 795, 698, 506. 

Mass spectrum (FAB + ) m/z : 334((M+H) + ; as free form of title compound). 
(Example 23) 

(2R)-2-Amino-2-methyl-4-{5-[3-(3^ 
compound number : 1-1838 having formula la-1) 

[0451] The title compound was synthesized in a yield of 76 % using (2R)-1-acetoxy-2-acetylamino-2-me- 
thyl-[5-(3-bromoprop-1-ynyl)furan-2-yl]butane obtained in Example (22b) and (3-trifluoromethyl)phenol as the starting 
materials by conducting successively the reactions similar to those mentioned in Examples (22c) and (22d). 
1 H-NMR spectrum (DMSO-d 6 , 400MHz) S : 7.60-7.55 (m, 1H), 7.36-7.53 (m, 3H), 6.77 (d, 1 H, J = 3.3 Hz), 6.21 (d, 1 H, 
J = 3.3 Hz), 5.21 (s, 2H), 3.43 (d, 1H, J = 11.3 Hz), 3.37 (d, 1H, J = 11.3 Hz), 2.67 (t, 2H, J = 8.6 Hz), 1.91-1.76 (m, 




EP 1 471 054 A1 



2H), 1.15 (s, 3H). 

I R spectrum v max cm" 1 (KBr) : 3126, 2980, 2220, 1719, 1614, 1593, 1546, 1455, 1328, 1207, 1167, 1130. 
Mass spectrum (FAB+) m/z : 368((M+H) + ; as free form of title compound), 336. 

5 (Example 24) 

(2R)-2-Amino-2-methyl-4-{5-[3-(3,4-dimethoxyphenyloxy)prop-1 -ynyl)furan-2-yl}butan-1 -ol oxalate (Exemplification 
compound number : 1-1842 having formula la-1) 

io [0452] The title compound was synthesized in a yield of 68 % using (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-[5-(3-bromoprop-1-ynyl)furan-2-yl]butane obtained in Example (22b) and 3,4-dimethoxyphenol as the starting ma- 
terials by conducting successively the reactions similar to those mentioned in Examples (22c) and (22d). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 6.87 (d, 1 H, J = 8.8 Hz), 6.66 (d, 1 H, J = 2.9 Hz), 6.57-6.52 (m, 2H), 6.14 (d. 
1 H, J = 3.6 Hz), 4.90 (s, 2H), 3.81 (s, 3H), 3.78 (s, 3H), 3.59 (d, 1 H, J = 1 1 .5 Hz), 3.50 (d, 1 H, J = 11 .5 Hz), 2.79-2.66 

15 (m, 2H), 2.08-1 .88 (m, 2H), 1 .29 (s, 3H). 

IR spectrum v max cm" 1 (KBr) : 3393, 3093, 2969, 2224, 1722, 1598, 1537, 1513, 1467, 1452, 1278, 1260, 1228, 1194, 
1157, 1135, 1021, 796, 721, 698. 

Mass spectrum (FAB+) m/z : 360((M+H) + ; as free form of title compound). 
20 (Example 25) 

(2R)-2-Amino-2-ethyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)f uran-2-yl]butan-1 -ol oxalate (Exemplification compound 
number: 1-1660 having formula la-1) 

25 (25a) (2R)-1 -Acetoxy-2-acetylamino-2-ethyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butane 

[0453] To a suspension of (2R)-1 -acetoxy-2-acetylamino-2-ethyl-4-(5-iodofuran-2-yl)butane (79.1 mg, 0.357 mmol) 
obtained in Reference example 18, 4-cyclohexyloxybut-1-yne (168.2 mg, 1 .10 mmol), dichlorobis(triphenylphosphine) 
palladium(ll) (25.1 mg, 0.036 mmol) and copper(l) iodide (13.8 mg, 0.072 mmol) in /V,A/-dimethylformamide (3.6 ml) 

30 was added triethylamine (0.5 ml, 0.36 mmol), and the resulting mixture was stirred at 80°C under a nitrogen atmosphere 
for 4 hours. After stirring, saturated aqueous ammonium chloride solution was added to the reaction mixture to quench 
the reaction, and furthermore water and ethyl acetate were added. The resulting mixture was stirred at room temper- 
ature for 30 minutes. After stirring, the reaction mixture was extracted with ethyl acetate. The extract was washed 
successively with water and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 

35 After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel 
column using a mixed solvent of hexane and ethyl acetate (1:1 - 1 :2) as the eluent to afford the crude product (68.4 
mg). The crude product obtained was furthermore purified using a preparative reversed phase HPLC column [TSK-GEL 
ODS-80 Ts (2.0 cm x 25 cm), TOSO, mobile phase: acetonitrile/water (70 : 30)] to afford the title compound (46.5 mg, 
yield: 31 %). 

40 1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.38 (d, 1 H, J = 3.3 Hz), 5.96 (d, 1 H, J = 3.3 Hz), 5.27 (br s, 1 H), 4.28 (s, 2H), 
3.65 (t, 2H, J = 7.3 Hz), 3.33-3.26 (m, 1H), 2.68 (t, 2H, J = 7.3 Hz), 2.59 (t, 2H, J = 8.4 Hz), 2.20-2.13 (m, 1H) , 2.08 
(s, 3H), 2.05-1 .98 (m, 1 H), 1 .94 (s, 3H), 1 .90 (m, 1 H), 1 .84-1 .70 (m, 5H), 1 .64 (m, 1 H), 1 .34-1 . 1 8 (m, 5H), 0.87 (t, 3H, 
J = 7.3 Hz). 

IR spectrum v max cnrr 1 (CDCI 3 ) : 3307, 3078, 2934, 2858, 2220, 1744, 1658, 1540, 1452, 1369, 1237, 1103, 1042, 
45 788, 756. 

Mass spectrum (FAB+) m/z : 41 8 ((M+H) + ). 

(25b) (2R)-2-Amino-2-ethyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butan-1 -ol oxalate 

so [0454] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-ethyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butane ob- 
tained in Example (25a) in a mixed solvent of tetrahydrofuran (0.5 ml), methanol (0.5 ml) and water (0.5 ml) was added 
lithium hydroxide monohydrate (44.7 mg, 1 .07 mmol) with stirring, and the resulting mixture was stirred at 50°C for 4 
hours. After cooling, water was added to the reaction mixture, and the resulting mixture was extracted with dichlo- 
romethane. The extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium 

55 sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a basic 
silica gel column (NH type) using a mixed solvent of dichloromethane and methanol (1 :0 - 50:1) as the eluent to afford 
the crude (2R)-2-amino-2-ethyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]butan-1-ol (35.3 mg, yield: 99%). 
[0455] Subsequently, to a solution of the crude product thus obtained in methanol was added anhydrous oxalic acid 




EP 1 471 054 A1 



(98% pure) (9.5 mg, 0.106 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After 
stirring, the reaction mixture was evaporated in vacuo, and isopropyl ether was added to the residue. The crystals 
precipitated were collected by filtration, washed with isopropyl ether and dried in vacuo to afford the title compound 
(39.9 mg, yield: 89 %). 

5 1H-NMR spectrum (DMSO-d 6 , 400MHz) 5 : 6.56 (d, 1H, J = 3.3 Hz), 6.16 (d, 1H, J = 3.3 Hz), 4.19 (br s ( 3H), 3.55 (t, 
2H, J = 6.7 Hz), 3. 44 (s, 2H), 3.33-3.28 (m, 1 H), 2. 67-2. 60 (m, 4 H) , 1 .83-1 .79 (m, 4H), 1 .66-1 .55 (m, 4H), 1 .53-1 .46 
(m, 1 H), 1 .25-1 .20 (m, 5H), 0.86 (t, 3H, J = 7.5 Hz). 

IR spectrum v max cm" 1 (KBr) : 3402,2931, 1918, 1611, 1542, 1198, 1106, 1089, 721, 700. 
Mass spectrum (FAB+) m/z : 356 ((M+Na) + ), 334 ((M+H) + ; as free form of title compound). 

w 

(Example 26) 

Mono (2R)-2-amino-2-methyl-4-[5-(4-cyclohexyloxybuM -ynyl)furan-2-yl]-1 -butyl phosphate (Exemplification 
compound number : 5-1072 having formula lla-1) 

15 

(26a) (2R)-2-Allyloxycarbonylamino-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butan-1 -ol 

[0456] To a suspension of (2R)-2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]butan-1-ol (0.5305 g, 
1 .66 mmol) obtained in Example 20 in a mixed solvent of ethyl acetate (1 6 ml) and water ( 1 6 ml) were added potassium 
20 hydrogencarbonate (0.1 995 g, 1 .99 mmol) first and then ally! chloroformate (0.21 ml, 1 .98 mmol) with stirring, and the 
resulting mixture was stirred at room temperature for 30 minutes. After stirring, the reaction mixture was diluted with 
ethyl acetate and extracted with ethyl acetate. The extract was washed with saturated aqueous sodium chloride solution 
and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo to afford the title compound 
(0.6202 g, yield: 93%). 

25 1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.38 (d, 1 H, J = 3.0 Hz), 5.97 (d, 1 H, J = 3.0 Hz), 5.96-5.86 (m, 1 H), 5.30 (ddd, 
1H, J = 17.6 Hz, 2.9 Hz, 1.5 Hz), 5.22 (dt, 1H, J = 9.5 Hz, 1.5 Hz), 4.82 (br s, 1H), 4.52 (br d, J = 5.1 Hz), 3.73-3.62 
(m, 4H), 3.51 (br s, 1 H), 3.33-3.26 (m, 1 H), 2.74-2.58 (m, 4H), 2.13 (ddd, 1 H, J = 1 3.9 Hz, 1 1 .0 Hz, 5.1 Hz), 1 .97-1 .89 
(m, 3H), 1.75-1.72 (m, 2H), 1.56-1.51 (m, 1H), 1.34-1.18 (m, 8H). 

30 (26b) (2R)-2-Allyloxycarbonylamino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]-1 -butyl diallyl phosphate 

[0457] To a solution of (2R)-2-allyloxycarbonylamino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]butan-1 -ol 
(0.6202 g, 1.54 mmol) obtained in Example (26a) in dichloromethane (15 ml) were added successively 1H-tetrazole 
(0.7220 g, 10.31 mmol) and diallyl diisopropylphosphoramidite (0.81 ml, 3.06 mmol) with stirring under ice-cooling, 

35 and then the reaction mixture was stirred at room temperature for 2 hours. After stirring, to the reaction mixture was 
added m-chloroperbenzoic acid (content: 70%) (0.7556 g, 3.07 mmol) with stirring under ice cooling, and the resulting 
mixture was stirred at the same temperature for 10 minutes. After stirring, to the reaction mixture was added 10% 
aqueous sodium thiosulfate solution to quench the reaction, and the resulting mixture was extracted with dichlorometh- 
ane. The extract was washed successively with saturated aqueous sodium hydrogencarbonate solution and saturated 

40 aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed 
in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and 
ethyl acetate (3 : 2) as the eluent to afford the title compound (0.7049 g, yield: 81 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.37 (d, 1 H, J = 3.0 Hz), 5.99-5.85 (m, 3H), 5.40-5.1 9 (m, 6H), 4.87 (br s, 1 H), 
4.16 (dd, 1 H, J = 10.3 Hz, 5.9 Hz), 4.03 (dd, 1H, J = 10.3 Hz, 5.9 Hz), 3.65 (d, 2H, J = 7.3 Hz), 3.33-3.26 (m, 1H), 
45 2.70-2.59 (m, 4H), 2.22-2.14 (m, 1H), 1.96-1.88 (m, 3H), 1.75-1.72 (m, 2H), 1.56-1.53 (m, 1H), 1.34-1.22 (m, 8H). 
Mass spectrum (FAB + ) m/z : 563(M + ). 

(26c) Mono (2R)-2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]-1 -butyl phosphate 

so [0458] To a suspension of (2R)-2-allyloxycarbonylamino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]- 
1 -butyl diallyl phosphate (0.7037 g, 1 .25 mmol) obtained in Example (26b), triphenylphosphine (69.0 mg, 0.26 mmol) 
and tetrakis(triphenylphosphine)palladium(0) (75.8 mg, 0.066 mmol) in acetonitrile (13 ml) was added pyrrolidine (0.66 
ml, 7.91 mmol) with stirring under a nitrogen atmosphere, and the resulting mixture was stirred at room temperature 
for 1 5 hours. After stirring, the reaction mixture was evaporated in vacuo, and the residue was diluted with 50% aqueous 

55 ethanol (40 ml) and then adjusted to pH 4 with acetic acid. The crystals precipitated were collected by filtration and 
washed successively with water and ethanol to afford the crude product. The crude product thus obtained was dissolved 
in a mixed solvent of methanol (300 ml) and water (60 ml) under heating and treated with charcoal. After filtration, the 
filtrate was evaporated in vacuo, and to the residue was added ethanol. The crystals precipitated were collected by 
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filtration, washed with ethanol and dried to afford the title compound (0.2672 g, yield: 54%). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 5 : 6.42 (d, 1H, J = 3.7 Hz), 6.09 (d, 1H, J = 3.7 Hz), 4.10 (d, 2H, J = 10.3 
Hz), 3.70 (t, 2H, J = 7.3 Hz), 3.43-3.37 (m, 1 H), 2.83-2.72 (m, 2H), 2.69 (t, 2H, J = 7.3 Hz), 2.18-2.06 (m, 2H), 1 .94 (br 
d, 2H, J = 1 0.3 Hz), 1 .76-1 .73 (m, 2H), 1 .56-1 .52 (m, 1 H), 1 .40 (s, 3H), 1 .38-1 .1 8 (m, 5H). 
5 |R spectrum v max crrri (KBr) : 3413, 2931, 2857, 1645, 1566, 1540, 1469, 1449, 1212, 1184, 1102, 1067, 1043, 949, 
796,511. 

Mass spectrum (ESI") m/z : 398((M-H)'). 
(Example 27) 

10 

Mono (2R)-2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]-1 -butyl phosphate (Exemplification compound 
number : 5-824 having formula lla-1) 

[0459] The title compound was synthesized in a yield of 24 % using (2R)-2-amino-2-methyl-4-[5-(5-cyclohexylpent- 
15 1-ynyl)furan-2-yl]butan-1-ol oxalate obtained in Example 2 as the starting material by conducting successively the 
reactions similar to those mentioned in Examples (26a), (26b) and (26c). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 6 : 6.39 (d, 1H, J = 3.7 Hz), 6.07 (d, 1H, J = 3.7 Hz), 4.10 (d, 2H, J = 10.3 
Hz), 2.79-2.75 (m, 2H), 2.40 (t, 2H, J = 7.3 Hz), 2.17-2.05 (m, 2H), 1 .75-1 .44 (m, 7H), 1 .41 (s, 3H), 1 .35-1 .12 (m, 6H), 
0.95-0.90 (m, 2H). 

20 |R spectrum v max cnr 1 (KBr) : 3233, 2922, 2850, 2559, 1642, 1594, 1537, 1448, 1256, 1184, 1078, 1029, 942, 825, 
794,572,514. 

Mass spectrum (FAB") m/z : 396((M-H)'). 
(Example 28) 

25 

Mono (2R)-2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenyioxy) prop-1 -ynyl]furan-2-yl}-1 -butyl phosphate 
(Exemplification compound number : 5-2278 having formula lla-1) 

[0460] The title compound was synthesized in a yield of 21 % using (2R)-2-amino-2-methyl-4-{5-[3-(3,4-dimethylphe- 
30 nyloxy)prop-1 -ynyl]furan-2-yl}butan-1 -ol oxalate obtained in Example 4 as the starting material by conducting succes- 
sively the reactions similar to those mentioned in Examples (26a), (26b) and (26c). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 6 : 7.02 (d, 1 H, J = 8.1 Hz), 6.78 (d, 1 H, J = 2.9 Hz), 6.73 (dd, 1 H, J = 8.1 Hz, 
3.0 Hz), 6.56 (d, 1H, J = 3.7 Hz), 6.13 (d, 1H, J = 3.7 Hz), 4.90 (s, 2H), 4.10 (d, 2H, J = 10.3 Hz), 2.84-2.72 (m, 2H), 
2.22 (s, 3H), 2.17 (s, 3H), 2.15-2.05 (m, 2H), 1.40 (s, 3H). 
35 IR spectrum v max cm* 1 (KBr) : 3411 , 2922, 2227, 1616, 1536, 1501, 1451, 1371, 1286, 1250, 1202, 1185, 1166, 1045, 
1028, 931,799, 573,514. 
Mass spectrum (FAB") m/z : 406((M-H)"). 

(Example 29) 

40 

(3R)-3-amino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pentylphosphonic acid (Exemplification compound 
number : 5-1344 having formula llla-1) 

(29a) (2R)-2-t-ButoxycarbonyIamino-2-methyl-4-[5-(5-phenylpentanoyl)furan-2-yl]butan-1-ol 

45 

[0461] To a solution of (2R)-2-amino-2-methyl-4-[5-(5-phenylpentanoyl)furan-2-yl]butan-1-ol (97.8 mg, 0.30 mmol) 
obtained in Example 5 in dichloromethane (3 ml) were added successively di-t-butyl dicarbonate (77.3 mg, 0.35 mmol) 
and triethylamine (85 0,61 mmol) with stirring, and the resulting mixture was stirred at room temperature for 19 
hours. After stirring, the reaction mixture was evaporated in vacuo, and water was added to the residue, and then the 
so resulting mixture was extracted with ethyl acetate. The extract was washed with saturated aqueous sodium chloride 
solution and dried over anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo, and the 
residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (1 : 
1) as the eluent to afford the title compound (112.2 mg, yield: 88 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.29-7.23 (m, 2H), 7.19-7.15 (m, 3H), 7.08 (d, 1 H, J = 3.7 Hz), 6.18 (d ( 1H, J 
55 = 3.7 Hz), 4.63 (br s, 1H), 4.03 (br s, 1H), 3.66 (d, 2H, J = 5.9 Hz), 2.84-2.68 (m, 4H), 2.65 (t, 2H, J = 8.1 Hz), 2.18 
(ddd, 1H, J= 16.6 Hz, 11.0 Hz, 5.1 Hz), 1.98 (ddd, 1H, J = 16.6 Hz, 11.7 Hz, 5.1 Hz), 1.81-1.65 (m, 4H), 1.43 (s, 9H), 
1.19 (s, 3H). 

Mass spectrum (FAB + ) m/z : 430((M+H) + ). 
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(29b) (2R)-2-t-Butoxycarbony!amino-2-methyl-4-[5-(5-phenylpentanoyl)furan-2-yl]*1-butanal 

[0462] To a solution of (2R)-2-t-butoxycarfconylamino-2-methyl-4-[5-(5-phenylpentanoyl)f uran-2-yl]butan-1 -ol (1 1 0.2 
mg, 0.26 mmol) obtained in Example (29a) in dichloromethane (2.6 ml) was added Dess-Martin reagent (165.0 mg, 

5 2.28 mmol), and the resulting mixture was stirred at room temperature under a nitrogen atmosphere for 1 hour. After 
stirring, the reaction mixture was evaporated in vacuo, and to the residue was added a 1 0% aqueous sodium thiosulfate 
solution to decompose the excess reagent The resulting mixture was extracted with dichloromethane, and the extract 
was washed successively with saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium 
chloride solution and dried over anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo, and 

10 the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate 
(3 : 1) as the eluent to afford the title compound (105.9 mg, yield: 97 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 9.34 (s, 1H), 7.29-7.25 (m, 2H), 7.19-7.15 (m, 3H), 7.06 (d, 1H, J = 3.6 Hz), 
6.16 (d, 1H, J = 3.6 Hz), 5.16 (br s, 1H), 2.77 (t, 2H, J = 7.3 Hz), 2.74-2.56 (m, 4H), 2.40-2.36 (m, 1H), 2.22-2.14 (m, 
1 H), 1 .80-1 .65 (m, 4H), 1 .44 (s, 9H), 1 .37 (s, 3H). 
15 Mass spectrum (FAB + ) m/z : 428((M+H) + ). 

(29c) Diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pent-1-enylphosphonate 

[0463] To a suspension of sodium hydride (content: 60%) (1 6.0 mg, 0.40 mmol) in tetrahydrofuran (1 ml) was added 
20 tetraethyl methylenediphosphonate (0.100 ml, 0.40mmol) with stirring under ice-cooling over a 5-minute interval, and 
then the resulting mixture was stirred at room temperature for 1 hour. 

[0464] Subsequently, to the reaction mixture was added a solution of diethyl (2R)-2-t-butoxycarbonylamino-2-methyl- 
4-[5-(5-phenylpentanoyl)furan-2-yl]-1-butanal (104.5 mg, 0.24 mmol) obtained in Example (29b) in tetrahydrofuran (4 
ml) with stirring under ice-cooling over a 5-minute interval, and the resulting mixture was stirred at the same temperature 

25 for 15 minutes. After stirring, the reaction mixture was neutralized with acetic acid (22 0.38 mmol) and evaporated 
in vacuo. Water was added to the residue obtained, and the resulting mixture was extracted with ethyl acetate. The 
extract was washed successively with water and saturated aqueous sodium chloride solution and dried over anhydrous 
magnesium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography 
on a silica gel column using ethyl acetate as the eluent to afford the title compound (129.0 mg, yield: 94 %). 

30 1H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.29-7.24 (m, 2H), 7.19-7.15 (m, 3H), 7.07 (d, 1H, J = 3.7 Hz), 6.75 (dd, 1H, 
J = 22.7 Hz, 17.6 Hz), 6.16 (d, 1H, J = 3.7 Hz), 5.71 (t, 1H, J = 17.6 Hz), 4.60 (br s, 1H), 4.15-4.04 (m, 4H), 2.77 (t, 
2H, J = 8.1 Hz), 2.74-2.63 (m, 4H), 2.30-2.22 (m, 1H), 2.09-2.01 (m, 1H), 1 .81 -1 .65 (m, 4H), 1 .42 (s, 9H), 1 .40 (s, 3H), 
1.33 (t, 6H, J = 7.3 Hz). 
Mass spectrum (FAB + ) m/z : 562((M+H) + ). 

35 

(29d) Diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[5-(5-phenylpentanoyl) furan-2-yl]pentylphosphonate 

[0465] To a solution of diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pent- 
1-enylphosphonate (127.8 mg, 0.23 mmol) obtained in Example (29c) in ethanol (2.3 ml) was added ch!orotris(triphe- 

40 nylphosphine)rhodium(l) (22.0 mg, 0.024 mmol), and the resulting mixture was stirred at 50°C under a hydrogen at- 
mosphere for 8 hours. After cooling, to the reaction mixture was furthermore added chlorotris(triphenylphosphine) 
rhodium(l) (21 .5 mg, 0.023 mmol), and the resulting mixture was stirred at 50°C under a hydrogen atmosphere for 8 
hours. After stirring, the reaction mixture was evaporated in vacuo, and the residue was purified by chromatography 
on a silica gel column using ethyl acetate as the eluent to afford the crude product (142.1 mg). Furthermore, the crude 

45 product obtained was purified using a preparative reversed phase HPLC column [Inertsil ODS-3 (2.0 cm x 25 cm), 
GL Science, mobile phase: acetonitrile/water (75 : 25), flow rate: 10 ml/min] to afford the title compound (109.5 mg, 
yield: 85 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.29-7.25 (m, 2H), 7.19-7.15 (m, 3H), 7.07 (d, 1H, J = 3.7 Hz), 6.15 (d, 1H, J 
= 3.7 Hz), 4.36 (br s, 1 H), 4.15-4.10 (m, 4H), 2.77 (t, 2H, J = 7.3 Hz), 2.72-2.63 (m, 4H), 2.22-2.17 (m, 2H), 1 .92-1 .85 
50 ( m , 1 H), 1 .80-1 .63 (m, 7H), 1 .42 (s, 9H), 1 .33 (t, 6H, J = 7.3 Hz), 1 .1 9 (s, 3H). 
Mass spectrum (FAB+) m/z : 564 ((M+H) + ). 

(29e) (3R)-3-Amino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pentylphosphonic acid 

55 [0466] To a solution of diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pentyl- 
phosphonate (108.2 mg, 0.19mmol) obtained in Example (29d) in dichloromethane (1 .9 ml) was added bromotrimeth- 
ylsilane (0.255 ml, 1 .93 mmol), and the resulting mixture was stirred at room temperature under a nitrogen atmosphere 
for 4 hours. After stirring, the reaction mixture was evaporated in vacuo, and the residue was diluted with aqueous 
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ethanol, and then the resulting mixture was adjusted to pH 4 with aqueous ammonia and acetic acid. The crystals 
precipitated were collected by filtration, washed successively with water and ethanol and dried to afford the title com- 
pound (51 .4 mg, yield: 66 %). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 8 : 7.29 (d, 1H, J = 3.7 Hz), 7.26-7.23 (m, 2H), 7.18-7.12 (m, 3H), 6.35 (d, 
5 1 H, J = 3.7 Hz), 2.85 (t, 4H, J = 7.3 Hz), 2.64 (t, 2H, J = 7.3 Hz), 2.23-1 .92 (m, 6H), 1 .78-1 .64 (m, 4H), 1 .44 (s, 3H). 
I R spectrum v max crrv 1 (KBr) : 3160, 2934, 2860, 2560,2529, 1670, 1552, 1516, 1453, 1391, 1314, 1140, 1068, 1046, 
913, 882, 804, 723, 700, 568, 525,490,468. 
Mass spectrum (FAB') m/z : 406((M-H)"). 

10 (Example 30) 

(2R)-2-Amino-2-methyl-4-[1-methyl-5-(5-phenylbut-1 -ynyl)pyrrol-2-yl]butan-1-ol 1/2 oxalate (Exemplification 
compound number : 1-559 having formula la-2) 

15 [0467] The title compound was synthesized in a yield of 58 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 13 and 4-phenylbut-1-yne as the starting materials by 
conducting successively the reactions similar to those mentioned in Examples (1 a) and (1 b). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.30-7.26 (m, 4H), 7.21-7.16 (m, 1 H), 6.09 (d, 1H, J = 3.7 Hz), 5.76 (d, 1H, 
J = 3.7 Hz), 3.59 (d, 1H, J = 11 .7 Hz), 3.52 (d, 1H, J = 11.7 Hz), 3.41 (s, 3H), 2.88 (t, 2H, J = 7.3 Hz), 2.73 (t, 2H, J = 
20 7.3 Hz), 2.62-2.58 (m, 2H), 1 .98-1 .80 (m, 2H), 1 .29 (s, 3H). 

IR spectrum v max cm' 1 (KBr) : 3362, 3026, 2943, 2224, 2080, 1591, 1496, 1454, 1300, 1073. 
Mass spectrum (FAB+) m/z : 311((M+H)+; as free form of title compound). 

(Example 31) 

25 

(2R)-2-Amino-2-methyl-4-[1-methyl-5-(5-phenylpentyl)pyrrol-2-yl]butan-1-ol 1/2 oxalate (Exemplification compound 
number : 1-93 having formula la-2) 

(31a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]butane 

30 

[0468] To a suspension of (2R)-1-acetoxy-2-acetylamino-2-methyl-9-(1-methyl-5-iodopyrrol-2-yl)butane (0.2918 g, 
0.74 mmol) obtained in Reference example 13, 5-phenylpent-1-yne (0.3225 g, 2.24 mmol), dichlorobis(triphenylphop- 
sphine)palladium(ll) (52.3 mg, 0.075 mmol) and copper(l) iodide (29.0 mg, 0.15 mmol) in A/,A/-dimethylformamide (7.4 
ml) was added triethylamine (1 .04 ml, 7.5 mmol) with stirring, and the resulting mixture was stirred at room temperature 

35 under a nitrogen atmosphere for 1 hour. After stirring, saturated aqueous ammonium chloride solution was added to 
the reaction mixture to quench the reaction, and furthermore water and ethyl acetate were added. The resulting mixture 
was stirred at room temperature for 30 minutes. After stirring, the reaction mixture was extracted with ethyl acetate, 
and the extract was washed successively with water and saturated aqueous sodium chloride solution and dried over 
anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chroma- 

40 tography on a silica gel column using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the 
title compound (0.2205 g, yield: 73 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.31-7.27 (m, 2H), 7.22-7.18 (m, 3H), 6.26 (d, 1H, J = 3.7 Hz), 5.81 (d, 1H, J 
= 3.7 Hz), 5.35 (br s, 1 H) , 4.32 (d, 1 H, J = 1 1 .3 Hz), 4.1 8 (d, 1 H, J = 11 .3 Hz), 3.55 (s, 3H), 2.78 (t, 2H, J = 7.7 Hz), 
2.55 (t, 2H, J = 8.2 Hz), 2.46 (t, 2H, J = 7.0 Hz), 2.27-2.19 (m, 1H), 2.09 (s, 3H), 1.97-1.84 (m, 6H), 1.37 (s, 3H). 
^5 IR spectrum v max cm- 1 (CHCI 3 ) : 3443, 2944, 2861 , 1736, 1679, 1603, 1512, 1454, 1374, 1251, 1042. 
Mass spectrum (FAB + ) m/z : 409((M+H)+), 408(M + ). 

(31 b) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-[1 -methyl-5-(5-phenylpentyl)pyrrol-2-yl]butane 

so [0469] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[1-methyl-5-(5-phenylpent-1-ynyl)pyrrol-2-yl]bu- 
tane (77 mg, 0.19 mmol) obtained in Example (31a) in methanol (2 ml) was added 10% palladium-charcoal (50% wet 
with water) (4.3 mg), and the resulting mixture was stirred at room temperature under a hydrogen atmosphere for 1 
hour. After stirring, the internal atmosphere was replaced with nitrogen, and the palladium-charcoal in the reaction 
mixture was filtered off using celite, which was washed with ethyl acetate. The filtrate and the washings were combined 

55 and evaporated to dryness in vacuo to afford the title compound (75.5 mg, yield: 97 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.28-7.25 (m, 2H), 7.1 8-7.15 (m, 3H), 5.79 (d, 1 H, J = 3.7 Hz), 5.77 (d, 1 H, J 
= 3.7 Hz), 5.36, (br s, 1 H), 4.32 (d, 1 H, J = 1 1 .0 Hz), 4. 1 9 (d, 1 H, J = 1 1 .0 Hz), 3.37 (s, 3H), 2.61 (t, 2H, J = 7.7 Hz), 
2.55-2.47 (m, 4H), 2.23-2.15 (m, 1H), 2.07 (s, 3H), 1.94-1.87 (m, 1H), 1.90 (s, 3H), 1.70-1.59 (m, 4H), 1.53 (s, 3H), 
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1.47-1.39 (m, 2H). 

Mass spectrum (FAB + ) m/z : 41 2((M+H) + ). 

(31c) (2R)-2-Amino-2-methyl-4-[1-methyl-5-(5-phenylpenty^^ 1/2 oxalate 

5 

[0470] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-[1-methyl-5-(5-^^ 

(75.0 mg, 0.18 mmol) obtained in Example (31b) in a mixed solvent of tetrahydrofuran (1 ml) and methanol (1 ml) were 
added successively water (1 ml) and lithium hydroxide monohydrate (76 mg, 1 .81 mmol) with stirring, and the resulting 
mixture was stirred at 50°C for 6 hours. After cooling, water was added to the reaction mixture, and the resulting mixture 
10 was extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and 
dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified 
by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol (1 : 
0 - 50:1) as the eluent to afford (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentyl)pyrrol-2-yl]butan-1-ol (53.6 mg, 
yield: 90%). 

is [0471] Subsequently, to a solution of (2R)-2-amino-2-methyl-4-[1-methyl-5-(5- phenylpentyl)pyrrol-2-yl]butan-1-ol 
(53.6 mg) thus obtained in methanol (1 .6 ml) was added anhydrous oxalic acid (98% pure) (7.4 mg, 0,082 mmol), and 
the resulting mixture was stirred at room temperature for 1 hour. After stirring, the reaction mixture was evaporated in 
vacuo, and ethyl acetate was added to the residue. The crystals precipitated were collected by filtration, washed with 
ethyl acetate and dried in vacuo to afford the title compound (49.2 mg, yield: 81 %). 

20 1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.25-7.21 (m, 2H), 7.16-7.11 (m, 3H), 5.71 (d, 1H, J = 3.7 Hz), 5.66 (d, 1H, 
J = 3.7 Hz), 3.60 (d, 1H, J = 11.7 Hz), 3.52 (d, 1H ( J = 11.7 Hz), 3.41 (s, 3H), 2.65-2.56 (m, 4H), 2.53-2.49 (m, 2H), 
1 .99-1 .81 (m, 2H), 1 .68-1 .56 (m, 4H), 1 .44-1 .37 (m, 2H), 1 .30 (s, 3H). 
IR spectrum V max cm-1 (KBr) : 3315, 2930, 2092, 1632, 1591, 1549, 1455, 1304, 1073. 
Mass spectrum (FAB + ) m/z : 329((M+H) + ; as free form of title compound). 

25 

(Example 32) 

(2R)-2-Amino-2-methyl-4-[1-methyl-5-(4-phenylbutyl)pyrrol-2-yl]butan-1-ol 1/2 oxalate (Exemplification compound 
number: 1-31 having formula la-2) 

30 

[0472] The title compound was synthesized in a yield of 28 % using (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(1 -me- 
thyl-5-iodopyrrol-2-yl)butane obtained in Reference example 13 and 4-phenylbut-1-yne as the starting materials by 
conducting successively the reactions similar to those mentioned in Examples (31a), (31b) and (31c). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.25-7.21 (m, 2H), 7.16-7.11 (m, 3H), 5.71 (d, 1H, J = 2.9 Hz), 5.66 (d, 1H, 
35 J = 2.9 Hz), 3.60 (d, 1H, J = 11.7 Hz), 3.53 (d, 1H, J = 11.7 Hz), 3.39 (s, 3H), 2.66-2.53 (m, 6H), 1.98-1 .81 (m, 2H), 
1.72-1.55 (m, 4H), 1.30 (s, 3H). 

IR spectrum v max cm" 1 (KBr) : 3347, 3024, 2933, 2858, 1589, 1454, 1299, 1072, 763, 745, 698. 
Mass spectrum (FAB + ) m/z : 31 5((M+H) + ; as free form of title compound). 

40 (Example 33) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride (Exemplification 
compound number : 1-1093 having formula la-2) 

45 (33a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-{1 -methyl-[5-phenyl-1 -(5-phenylpentanoyloxy)pent-1 -enyl]pyrrol- 
2-yl}butane 

[0473] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane (4.23 g, 15.4 mmol) 
obtained in Reference example (19b) in toluene (100 ml) was added a solution of 4-dimethylaminopyridine (9.41 g, 

50 77.0 mmol) and 5-phenylvaleroyl chloride (98%) (7.92 g, 39.5 mmol) in toluene (50 ml), and the resulting mixture was 
stirred at 110°C for 48 hours. After cooling to room temperature, ethyl acetate and water were added to the reaction 
mixture, and the resulting mixture was extracted with ethyl acetate. The extract was washed successively with water 
and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent 
was removed in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent 

55 of ethyl acetate and hexane (3:2 - 2:1) as the eluent to afford the title compound (4.03 g, yield: 45 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.26-7.23 (m, 4H), 7.17-7.11 (m, 6H), 6.96(d, 1H, J = 4.2 Hz), 5.97 (d, 1H, J 
= 4.2 Hz), 5.41 (br s, 1H), 4.31 (d, 1H, J = 11.0 Hz), 4.15 (d, 1H, J = 11.0 Hz), 4.11 (t, 1H, J = 8.1 Hz), 3.83 (s, 3H), 
2.67-2.39 (m, 8H), 2.34-2.26 (m, 1 H), 2.10 (s, 3H), 2.04-1 .86 (m, 6H), 1.61-1 .48 (m, 6H), 1 .36 (S, 3H). 
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IR spectrum v max cm' 1 (CHCI 3 ) : 3443, 2938, 2861 , 1733, 1681 , 1634, 1487, 1454, 1374, 1249, 1044. 
Mass spectrum (FAB + ) m/z : 587((M+H) + ). 

(33b) (2R)-2-Amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride 

5 

[0474] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-{1-methyl-[5-phenyl-1-(5-phenylpentanoyloxy) 
pent-1-enyl]pyrrol-2-yl}butane (4.0270 g, 6.86 mmol) obtained in Example (33a) in a mixed solvent of tetrahydrofuran 
(14 ml) and methanol (14 ml) were added successively water (14 ml) and lithium hydroxide monohydrate (2.8820 g, 
68.68 mmol), and the resulting mixture was stirred at 50°C for 4 hours. After cooling, water was added to the reaction 

10 mixture, and the resulting mixture was extracted with dichloromethane. The extract was washed with saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of 
dichloromethane and methanol (1 00 : 1 ) as the eluent to afford the crude (2R)-2-amino-2-methyl-4-[1 -methyl-5-(5-phe- 
nylpentanoyl)pyrrol-2-yl]butan-1-ol (2.1152 g). 

is [0475] Subsequently, to a solution of the crude product thus obtained in methanol (31 ml) was added 4N hydrochloric 
acid-dioxane solution (1 .54 ml, 6.16 mmol), and the resulting mixture was stirred at room temperature for 10 minutes. 
After stirring, the reaction mixture was evaporated in vacuo, and ethyl acetate was added to the residue. The crystals 
precipitated were collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title compound 
(2.0685 g, yield: 79 %). 

20 Melting point : 130-131 °C, 

Angle of rotation : [a] D = -4.81 (c=1 .00, MeOH), 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.25-7.21 (m, 2H), 7.17-7.11 (m, 3H), 7.05 (d, 1H, J = 4.2 Hz), 6.03 (d, 1H, 
J = 4.2 Hz), 3.86 (s, 3H), 3.65 (d, 1H, J = 11.4 Hz), 3.55 (d, 1 H, J = 11,4 Hz), 2.78-2.67 (m, 4H), 2.63 (t, 2H, J = 7.2 
Hz), 2.02 (ddd, 1 H, J = 1 3.8 Hz, 9.4 Hz, 7.6 Hz), 1 .90 (ddd, 1 H, J = 1 3.8 Hz, 1 1 .5 Hz, 6.3 Hz), 1 .70-1 .64 (m, 4H), 1 .34 
25 ( S> 3H). 

I R spectrum v max cnr 1 (KBr) : 3215, 2937, 2883, 2691, 2571, 1646, 1525, 1482, 1457, 1380, 1294, 1228, 1182, 1055, 
998, 913, 770, 751 , 700. 

Mass spectrum (FAB+) m/z : 343((M+H) + ; as free form of title compound), 



Elemental analysis (% as C 21 H 30 N 2 O 2 -HCI) 


Calculated 
Found 


C; 66.56, H; 8.25, N; 7.39, CI; 9.36 
C; 66.51, H;8.20, N; 7.47, CI; 9.08. 



35 (Example 34) 

(2R)-2-Amino-2-methyl-4-{1-methyl-5-[5-(4-fluorophenyl)pentanoyl]pyrrol-2-yl}butan-1-ol hydrochloride 
(Exemplification compound number : 1-1094 having formula Ia-2) 

40 [0476] The title compound was synthesized in a yield of 42 % using (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-(1 -methylpyrrol-2-yl)butane obtained in Reference example (1 9b) and 5-(4-f luorophenyl)valeroyl chloride as the start- 
ing materials by conducting successively the reactions similar to those mentioned in Examples (33a) and (33b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.20-7.13 (m, 2H), 7.05 (d, 1H, J = 4.0 Hz), 6.99-6.92 (m, 2H), 6.03 (d, 1H, 
J = 4.0 Hz), 3.86 (s, 3H), 3.65 (d, 1H, J = 11.4 Hz), 3.55 (d, 1H, J= 11.4 Hz), 2.76 (t, 2H, J = 7.3 Hz), 2.74-2.66 (m, 

45 2H), 2.62 (t, 2H, J = 7.3 Hz), 2.08-1 .86 (m, 2H), 1 .73-1 .60 (m, 4H), 1 .35 (s, 3H). 

IR spectrum v max cm' 1 (KBr) : 3352, 3210,3153,3035,2930, 2863, 1634, 1601, 1509, 1480, 1464, 1371, 1349, 1222, 
1175, 1067, 823, 766. 

Mass spectrum (FAB+) m/z : 361 ((M+H) + ; as free form of title compound). 
so (Example 35) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride (Exemplification 
compound number : 1-1082 having formula la-2) 

55 [0477] The title compound was synthesized in a yield of 48 % using (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-(1-methylpyrrol-2-yl)butane obtained in Reference example (19b) and 4-phenylbutyryl chloride as the starting mate- 
rials by conducting successively the reactions similar to those mentioned in Examples (33a) and (33b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.28-7.12 (m, 5H), 6.97 (d, 1H, J = 4.0 Hz), 6.02 (d, 1H, J = 4.0 Hz), 3.86 (s, 
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3H), 3.65 (d, 1H, J = 11.7 Hz), 3.55 (d, 1H, J = 11.7 Hz), 2.78-2.62 (m, 6H), 2.08-1.85 (m, 4H), 1.35 (s, 3H). 

IR spectrum v max cm' 1 (KBr) : 3203, 3025, 2941,2572,2029, 1649, 1518, 1482, 1457, 1382, 1297, 1179, 1140, 1057, 

989, 915, 752, 699. 

Mass spectrum (FAB+) m/z : 329((M+H) + ; as free form of title compound). 

5 

(Example 36) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(3-phenylpropanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride (Exemplification 
compound number : 1-1080 having formula la-2) 

10 

[0478] The title compound was synthesized in a yield of 42 % using (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-(1 -methylpyrrol-2-yl)butane obtained in Reference example (1 9b) and 3-phenylpropionyl chloride as the starting ma- 
terials by conducting successively the reactions similar to those mentioned in Examples (33a) and (33b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.27-7.11 (m, 5H), 7.03 (d, 1 H, J = 4.4 Hz), 6.01 (d, 1 H, J = 4.4 Hz), 3.86 (s, 
15 3H), 3.65 (d, 1H, J = 11.7 Hz), 3.55 (d, 1H, J = 11.7 Hz), 3.09-3.02 (m, 2H), 2.99-2.92 (m, 2H), 2.76-2.62 (m, 2H), 
2.08-1.85 (m, 2H), 1.34 (s, 3H). 

I R spectrum v max cm" 1 (KBr) : 3376, 3026, 2932,2559, 1640, 1605, 1484, 1455, 1410, 1381, 1294, 1225, 1135, 1069, 
983, 924, 770, 747, 699. 

Mass spectrum (FAB + ) m/z : 315((M+H) + ; as free form of title compound). 

20 

(Example 37) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride (Exemplification 
compound number : 1-1083 having formula la-2) 

25 

[0479] The title compound was synthesized in a yield of 29 % using (2R)-1-acetoxy-2-acetylamino-2-methyl- 
4-(1-methylpyrrol-2-yl)butane obtained in Reference example (19b) and 5-cyclohexylvaleroyl chloride as the starting 
materials by conducting successively the reactions similar to those mentioned in Examples (33a) and (33b). 
1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.05 (d, 1H, J = 4.0 Hz), 6.04 (d, 1H, J = 4.0 Hz), 3.87 (s, 3H), 3.65 (d, 1H, 
30 J = 11.7 Hz), 3.55 (d, 1 H, J = 11 .7 Hz), 2.78-2.64 (m, 4H), 2.09-1 .86 (m, 2H), 1 .76-1 .58 (m, 7H), 1 .40-1 .10 (m, 11 H), 
0.95-0.80 (m, 2H). 

IR spectrum v max cm" 1 (KBr) : 3354, 3212, 3156, 3034, 2921 , 2850, 1637, 1498, 1480, 1464, 1379, 1370, 1292, 1224, 
1175, 1066, 1054, 914, 762. 

Mass spectrum (FAB+) m/z : 349((M+H)+; as free form of title compound). 

35 

(Example 38) 

(2R)-2-Amino-2-methyl-4-[1 -methyl-4-(5-phenylpentanoyl)pyrroI-2-yl]butan-1 -ol 1/2 oxalate (Exemplification 
compound number : 2-252 having formula lb-2) 

40 

(38a) (4R)-4-Methyl-4-{2-[1-methyl-4-(5-phenylpentanoyl)pyrrol-2-yl]ethyl}-1,3-oxazolidin-2-one 

[0480] To a solution of (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (1 00 mg, 0.48 mmol) ob- 
tained in Reference example 11 in benzene (4 ml) were added successively N,N-dimethyl-5-phenylpentanamide (99 

45 mg, 0.48 mmol) and phosphoryl chloride (43 jxl, 0.46 mmol), and the resulting mixture was refluxed for 6 hours. After 
refluxing, to the reaction mixture was added 20% aqueous sodium acetate solution (2 ml), and the resulting mixture 
was stirred at 80°C for 15 minutes. After cooling to room temperature, water was added to the reaction mixture, and 
the resulting mixture was extracted with ethyl acetate. The extract was washed successively with water and saturated 
aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. After filtration, the solvent was re- 

50 moved in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of ethyl 
acetate and hexane (1:1 - 3:2 - 4:1) as the eluent to afford the title compound (11 mg, yield: 6 %). 
1 H-NMR spectrum (CDCI 3 , 500MHz) 5 : 7.30-7.24 (m, 2H), 7.20-7.15 (m, 4H), 6.31 (s, 1H) , 5.72 (br s, 1H) , 4.17 (d, 
1H, J = 8.6 Hz), 4.10 (d, 1H, J = 8.6 Hz), 3.57 (s, 3H), 2.70-2.55 (m, 6H), 1.94 (t, 2H, J = 8.2 Hz), 1.78-1.60 (m, 4H), 
1.43 (s,3H). 

55 Mass spectrum (FAB+) m/z : 369((M+H) + ). 
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(38b) (2R)-2-Amino-2-methyl-4-[1-methyl-4-(5-phenyIpentanoyl)pyrrol-2-yl]butan-1 -ol 1/2 oxalate 
[0481] To a solution of (4R)-4-methyl-4-{2-[1-methyl-4-(5-^ 

(11 mg, 0.03 mmol) obtained in Example (38a) in a mixed solvent of tetrahydrof uran (1 ml) and methanol (1 ml) was 
5 added a 5N aqueous potassium hydroxide solution (1 ml), and the resulting mixture was refluxed for 2 days. After 

cooling, water was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The 

extract was dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo to afford the crude 

product of (2R)-2-amino-2-methyl-4-[1-methyl-4-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol (9 mg). 

[0482] Subsequently, to a solution of the crude product (6.5 mg) thus obtained in methanol (0.5 ml) was added 
10 anhydrous oxalic acid (98% pure) (0.85 mg, 0.0095 mmol), and the resulting mixture was stirred at room temperature 

for 10 minutes. After stirring, the reaction mixture was concentrated to dryness to afford the title compound (7.0 mg, 

yield: 84%). 

1 H-NMR spectrum (CD 3 OD, 500MHz) 8 : 7.42 (s, 1H), 7.26-7.20 (m, 2H), 7.17-7.11 (m, 3H), 6.32 (s, 1H), 3.65-3.60 
(m, 4H), 3.57 (d, 1 H, J = 11 .7 Hz), 2.74-2.60 (m, 6H), 2.04-1 .86 (m, 2H), 1 .73-1 .62 (m, 4H), 1 .33 (s, 3H). 
15 IR spectrum v max cm' 1 (KBr) : 3339, 3025, 2929, 2859, 2565, 1611, 1525, 1497, 1453, 1438, 1355, 1310, 1176, 1069, 
928,818,774, 749,700. 

Mass spectrum (FAB+) m/z : 343((M+H) + ; as free form of title compound). 
(Example 39) 

20 

(2R)-2-Amino-2-methyl-4-[1 -methyl-5-(5-phenyl-1 -hydroxypentyl)pyrrol-2-yl]butan-1 -ol 1/2 oxalate (Exemplification 
compound number : 1-1399 having formula la-2) 

[0483] To a suspension of (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol hydro- 
ps chloride (185 mg, 0.49 mmol) obtained in Example (33b) in dichloromethane (10 ml) was added 1N aqueous sodium 
hydroxide solution, and the resulting mixture was stirred for 5 minutes. After stirring, the reaction mixture was extracted 
with dichloromethane, and the extract was washed with saturated aqueous sodium chloride solution and dried over 
anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo to afford (2R)-2-amino-2-methyl-4-[1 -me- 
thyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol. 
30 [0484] Subsequently, to a solution of (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan- 
1 -ol thus obtained in methanol (5 ml) was added sodium borohydride (28 mg, 0.74 mmol) with stirring under ice-cooling, 
and then the resulting mixture was stirred at room temperature for 1 hour. After stirring, to the reaction mixture was 
furthermore added sodium borohydride (28 mg, 0.74 mmol), and the resulting mixture was stirred at room temperature 
for 20 hours. After stirring, to the reaction mixture was additionally added sodium borohydride (28 mg, 0.74 mmol), and 
35 the resulting mixture was stirred at room temperature for 7 hours. After stirring, water was added to the reaction mixture, 
and the resulting mixture was extracted with ethyl acetate. The extract was washed successively with water and sat- 
urated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the filtrate was 
concentrated to dryness in vacuo, and the residue was purified using a preparative reversed phase HPLC column 
[Inertsil ODS-3 (2.0 cm x 25 cm), GL Science, mobile phase: acetonitrile/0.1 % aqueous ammonium acetate solution 
40 (70 : 30), flow rate: 10 ml/min] to afford (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenyl-1-hydroxypentyl)pyrrol-2-yl] 
butan-1-ol (79 mg). 

[0485] Subsequently, to a solution of (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenyl-1-hydroxypentyl)pyrrol-2-yl] 
butan-1-ol (79 mg, 0.23 mmol) thus obtained in methanol (2 ml) was added anhydrous oxalic acid (98% pure) (9.3 mg, 
0.11 mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After stirring, the reaction mixture 

45 was concentrated to dryness in vacuo to afford the title compound (57 mg, yield: 30 %). 

1 H-NMR spectrum (CD 3 OD, 400MHz) 6 : 7.25-7.20 (m, 2H), 7.17-7,09 (m, 3H), 5.91 (d, 1H, J = 3.4 Hz), 5.76 (d, 1H, 
J = 3.4 Hz), 4.57 (t, 1H, J = 6.6 Hz), 3.59 (d, 1H, J = 12.0 Hz), 3.54 (s, 3H), 3.53 (d, 1H, J = 12.0 Hz), 2.65-2.55 (m, 
4H), 2.00-1 .80 (m, 4H), 1 .70-1 .58 (m, 2H), 1 .54-1 .44 (m, 1 H), 1 .43-1 .32 (m, 1 H), 1 .30 (s, 3H). 
IR spectrum v max cm* 1 (KBr) : 3212, 3026, 2935, 2897, 2571, 1719, 1700, 1611, 1521, 1496, 1454, 1405, 1279, 1218, 

50 1053, 767, 721, 700. 

Mass spectrum (FAB+) m/z : 325((M+H) + ; as free form of title compound). 



55 
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(Example 40) 

(2R)-2-Amino-2-methyl-4-{5-[3-(2-cyclohexylethyloxy)phenyl]-1 -methylpyrrol-2-yl)butan-1 -ol 1/2 oxalate 
(Exemplification compound number : 1-1444 having formula la-2) 

5 

(40a) (4R)-4-Methyl-4-[2-(5-iodo-1 -methylpyrrol-2-yl)ethyi]-1 ,3-oxazolidin-2-one 

[0486] To a solution of (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (0,61 87 g, 2.97 mmol) ob- 
tained in Reference example 11 in tetrahydrofuran (30 ml) were added successively pyridine (1 .2 ml, 14.9 mmol) and 

10 iodine (1 ,5060 g, 5.93 mmol) with stirring under ice-cooling, and the resulting mixture was stirred at the same temper- 
ature for 10 minutes. After stirring, to the reaction mixture was added 10% aqueous sodium thiosulfate solution to 
quench the reaction, and the reaction mixture was concentrated to about one-half of its initial volume, which was 
extracted with ethyl acetate. The extract was washed successively with saturated aqueous sodium hydrogencarbonate 
solution and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the 

15 filtrate was evaporated to dryness in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the title compound (0.6660 g, yield: 
67%). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.30 (d, 1H, J = 3.7 Hz), 5.93 (d, 1H, J =3.7 Hz), 5.17 (brs, 1H), 4.15 (d, 1H, 
J = 8.8 Hz), 4.09 (d, 1 H, J = 8.8 Hz), 3.50 (s, 3H), 2.76-2.63 (m, 2H), 1 .96-1 .85 (m, 2H), 1 .42 (s, 3H). 

20 

(40b) (4R)-4-Methyl-4-[2-{2-[3-(2-cycloh 

[0487] (4R)-4-Methyl-4-[2-(5-iodo-1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (0,31 01 g, 0.92 mmol) obtained in 
Example (40a), 2-(3-(2-cyclohexylethyloxy)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.4646 g, 1.41 mmol), 

25 dichlorobis(triphenylphopsphine)palladium(ll) (63.1 mg, 0.09 mmol) and cesium carbonate (0.6006 g, 1 .81 mmol) were 
suspended in a mixed solvent of dimethoxyethane (8 ml) and water (2 ml) and stirred at 80°C for 6 hours. After cooling, 
water was added to the reaction mixture, and the resulting mixture was extracted with ethyl acetate. The extract was 
washed successively with water and saturated aqueous sodium chloride solution and dried over anhydrous magnesium 
sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica 

30 gel column using a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the crude product. Fur- 
thermore, the crude product thus obtained was purified using a preparative reversed phase HPLC column [Inertsil 
ODS-3 (2.0 cm x 25 cm), GL Science, mobile phase: acetonitrile/water (75 : 25), flow rate: 10 ml/min] to afford the 
title compound (41 .1 mg, yield: 11 %). 

1H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.30-7.26 (m, 1H), 6.93-6.89 (m, 2H), 6.85-6.83 (m, 1H), 6.14 (d, 1H, J = 3.7 
35 Hz), 5.95 (d, 1H, J = 3.7 Hz), 5.27 (brs, 1H), 4.18 (d, J = 8.8 Hz), 4.10 (d, 1H, J = 8.8 Hz), 4.01 (t, 2H, J = 6.6 Hz), 
3.52 (s, 3H), 2.77-2.64 (m, 2H), 2.06-1 .94 (m, 2H), 1 .78-1 .64 (m, 6H) t 1 .55-1 .46 (m, 1 H), 1 .45 (s, 3H), 1 .31 -1 .1 1 (m, 
4H), 1.02-0.92 (m, 2H). 
Mass spectrum (FAB + ) m/z : 411((M+H) + ). 

40 (40c) (2R)-2-Amino-2-methyl-4-{5-[3-(2-cyclohexylethyloxy)phenyl]-1 -methylpyrrol-2-yl}butan-1 -ol 1/2 oxalate 

[0488] To a solution of (4R)-4-methyl-4-[2-{2-[3-(2-cyclohexylethyloxy)phenyl]-1 -methylpyrrol-2-yl}ethyl]-1 ,3-oxazb- 
lidin-2-one (41.0 g, 0.10 mmol) obtained in Example (40b) in a mixed solvent of tetrahydrofuran (1 ml) and methanol 
(0.5 ml) was added a 5N aqueous potassium hydroxide solution (0.5 ml), and the resulting mixture was refluxed for 4 

45 days. After cooling, water was added to the reaction mixture, and the resulting mixture was extracted with dichlorometh- 
ane. The extract was dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the 
residue was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane 
and methanol (50 : 1) as the eluent to afford (2R)-2-amino-2-methyl-4-{5-[3-(2-cyclohexylethyloxy)phenyl]-1-methyl- 
pyrrol-2-yl}butan-1-ol (36.5 mg). 

so [0489] Subsequently, to a solution of (2R)-2-amino-2-methyl-4-{5-[3-(2-cyclohexylethyloxy)phenyl]-1-methylpyrrol- 
2-yl}butan-1-ol (36.2 mg) thus obtained in methanol (1 ml) was added anhydrous oxalic acid (98% pure) (4.4 mg, 0.05 
mmol), and the resulting mixture was stirred at room temperature for 30 minutes. After stirring, the reaction mixture 
was evaporated in vacuo, and 2-propanol was added to the residue. The crystals precipitated were collected by filtration, 
washed with 2-propanol and dried in vacuo to afford the title compound (35.6 mg, yield: 86 %). 

55 1H-NMR spectrum (CD 3 OD, 400MHz) 8 : 7.27 (t, 1H, J = 8.1 Hz), 6.89 (d, 1H, J = 8.1 Hz), 6.85-6.81 (m, 2H), 6.03 (d, 
1 H, J = 3.7 Hz), 5.91 (d, 1 H, J = 3.7 Hz), 4.02 (t, 1 H, J = 6.6 Hz), 3.63 (d, J = 11 .7 Hz), 3.56 (d, 1 H, J = 11 .7 Hz), 3.54 
(s, 3H), 2.77-2.65 (m, 2H), 2.07-1 .90 (m, 2H), 1 .81 -1 .64 (m, 7H), 1 .59-1 .47 (m, 1 H) , 1 .34 (s, 3H), 1 .32-1 .1 5 (m, 3H), 
1.05-0.95 (m, 2H). 
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IR spectrum v max cm- 1 (KBr) : 3354, 2923, 2851, 1595, 1579, 1509, 1463, 1301, 1211, 1066, 1049, 763, 698. 
Mass spectrum (FAB+) m/z : 385 ((M+H) + ; as free form of title compound). 

(Example 41) 

5 

(2R)-2-Amino-2-methyl-4-[1 -ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1 -ol hydrochloride (Exemplification 
compound number : 4-12 having formula la-5) 

(41 a) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-{1 -ethyl-[5-phenyl-1 -(5-phenylpentanoyloxy)pent-1 -enyl]pyrrol-2-yl} 
10 butane 

[0490] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(1-ethylpyrrol-2-yl)butane (2.1 g, 7.49 mmol) ob- 
tained in Reference example 24 in toluene (1 00 ml) were added 4-dimethylaminopyridine (4.58 g, 37.5 mmol) first and 
then a solution of 5-phenylvaleroyl chloride (4.4 g, 22.5 mmol) in toluene (20 ml), and the resulting mixture was refluxed 

15 for 5 days. After cooling to room temperature, water was added to the reaction mixture, and the resulting mixture was 
extracted with ethyl acetate. The extract was washed successively with water and saturated aqueous sodium chloride 
solution and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated to dryness in vacuo, 
and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl 
acetate (4:6) as the eluentto afford the crude product. Furthermore, the crude product thus obtained was purified using 

20 a preparative reversed phase HPLC column [Inertsil ODS-3 (2.0 cm x 25 cm), GL Science, mobile phase: acetonitrile/ 
0. 1 % aqueous ammonium acetate solution (70/30), flow rate: 1 0 ml/min] to afford the title compound (2.8 g, yield: 66 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.26-7.21 (m, 4H), 7.18-7.09 (m, 6H), 6. 98 (d, 1H, J = 4. 4 Hz), 5. 97 (d, 1H, 
J = 4.4 Hz) , 5.43 (br s, 1 H), 4.35-4.28 (m, 1 H),4.33 (d, 1 H, J = 11 .0 Hz), 4.1 7 (d, 1 H, J = 1 1 .0 Hz), 4.12 (q, 2H, J = 7.3 
Hz), 2.65-2.25 (m, 9H), 2.10 (s, 3H), 2.07-1.86 (m, 3H), 1.96 (s, 3H), 1.62-1.47 (m, 6H), 1.37 (s, 3H), 1.25 (t, 3H, J = 

25 7.3Hz). 

(41b) (2R) -2-Amino-2-methyl-4- [1 -ethyl-5- (5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol hydrochloride 

[0491] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-{1 -ethyl-[5-phenyl-1 -(5-phenylpentanoyloxy)pent- 
30 1 -enyl]pyrrol-2-yl}butane (2.8 g, 4.66 mmol) obtained in Example (41 a) in a mixed solvent of methanol (12 ml), tetrahy- 
drofuran (12 ml) and water (12 ml) was added lithium hydroxide monohydrate (1 .96 g, 46.6 mmol) with stirring, and 
the resulting mixture was stirred at 50°C for 5 hours. After cooling to room temperature, water was added to the reaction 
mixture, and the resulting mixture was extracted with dichloromethane. The extract was washed with saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
35 and the residue was purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of 
dichloromethane and methanol (1 00 : 1 ) as the eluent to afford the crude product of (2R)-2-amino-2-methyl-4-[1 -ethyl- 
5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol (1.53 g). 

[0492] Subsequently, to a solution of the crude product (1 .53 g) obtained above in ethanol (15 ml) was added 4N 
hydrochloric acid-dioxane solution (1 .07 ml, 4.26 mmol) with stirring under ice-cooling, and the resulting mixture was 

40 stirred at the same temperature for 30 minutes. After stirring, the reaction mixture was concentrated to dryness in 
vacuo, and the crystals obtained were recrystallized from ethyl acetate to afford the title compound (1 .46 g, yield: 80 %). 
1 H-NMR spectrum (DMSO-D 6 , 400MHz) 6 : 7.90 (br s, 2H), 7.29-7.24 (m, 2H), 7.20-7.13 (m, 3H), 7.06 (d, 1H, J = 4.0 
Hz), 5.94 (d, 1 H, J =4.0 Hz), 5.53 (t; 1 H, J = 4.8 Hz), 4.29 (q, 2H, J = 7.3 Hz), 3.49 (dd, 1 H, J = 11 .0 Hz, 4.8 Hz), 3.43 
(dd, 1 H, J = 11 ,0 Hz, 4.8 Hz), 2.79-2.70 (m, 2H), 2.69-2.55 (m, 4H), 1 .94-1 .88 (m, 2H), 1 .64-1 .53 (m, 4H), 1 .22 (s, 3H), 

45 1.17 (t,3H, J = 7.3Hz). 

IR spectrum v max cm' 1 (KBr) : 3377, 2936, 1639, 1479, 1393, 1068. 
Mass spectrum (FAB + ) m/z : 357((M+H) + ; as free form of title compound). 

(Example 42) 

50 

(2R)-2-Amino-2-methyl-4-[5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol (Exemplification compound number : 3-12 
having formula la-4) 

(42a) (4R)-4-Methyl-4-{2-[5-(5-phenylpentanoyl)pyrrol-2-yl)ethyl}-1,3-oxazolidin-2-one 

55 

[0493] To a solution of (4R)-4-methyl-4-[2-(pyrrol-2-yl)ethyl]-1 ,3-oxazolidine-2-one (1 38 mg, 0.71 mmol) obtained in 
Reference example 28 in tetrahydrofuran (5 ml) was added a 3.0M solution of methylmagnesium bromide in ether 
(0.50 ml, 1 .49 mmol), and the resulting mixture was refluxed for 30 minutes. After cooling, to the reaction mixture was 
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added a solution of 5-phenylvaleroyl chloride (0.169 g, 22.5 mmol) in tetrahydrofuran (1 ml) at room temperature with 
stirring, and the resulting mixture was refluxed for 1 hour. After cooling to room temperature, water was added to the 
reaction mixture, and the resulting mixture was extracted with ethyl acetate. The extract was washed successively with 
water and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the 
5 filtrate was concentrated to dryness in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (2:1) as the eluent to afford the crude product. Furthermore, the 
crude product obtained above was purified using a preparative reversed phase HPLC column [Inertsil ODS-3 (2.0 cm 
x 25 cm), GL Science, mobile phase: acetonitrile/water (70/30), flow rate: 20 ml/min] to afford the title compound (41 
mg, yield: 1 6 %). 

10 HH-NMR spectrum (CDCI 3 , 400MHz) 8: 9.67 (br s, 1H), 7.31-7.22 (m, 3H), 7.20-7.13 (m, 2H), 6.85-6.78 (m, 1H), 
6.03-5.96 (m, 1 H), 5.70 (br s, 1 H) , 4.1 6 (d, 1 H, J = 8.8 Hz), 4.07 (d, 1 H, J = 8.8 Hz), 2.80-2.67 (m, 4H), 2.67-2.58 (m, 
2H), 2.01-1.88 (m,2H), 1.81-1.61 (m, 4H), 1.37 (s,3H). 

IR spectrum v max cm* 1 (CHCI 3 ) : 3442, 3271, 2935, 2861, 1758, 1632, 1492, 1454, 1410, 1382, 1046, 940. 
Mass spectrum (FAB + ) m/z : 355((M+H) + ). 

15 

(42b) (2R)-2-Amino-2-methyl-4-[5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol 

[0494] To a solution of (4R)-4-methyl-4-{2-[5-(5-phenylpentanoyl)pyrrol-2-yl]ethyl}-1 ,3-oxazolidin-2-one (41.0 mg, 
0.12 mmol) obtained in Example (42a) in a mixed solvent of methanol (2 ml), tetrahydrofuran (2 ml) and water (2 ml) 

20 was added 10N aqueous sodium hydroxide solution (0.12 ml, 1.17 mmol), and the resulting mixture was refluxed for 
4 days. After cooling to room temperature, water was added to the reaction mixture, and the resulting mixture was 
extracted with ethyl acetate. The extract was washed with saturated aqueous sodium chloride solution and dried over 
anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chroma- 
tography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and methanol (20: 1 ) as the 

25 eluent to afford the title compound (30.0 mg, yield: 79 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 9,90 (br s, 1H), 7.32-7.22 (m, 3H), 7.20-7.12 (m, 2H), 6,79 (d, 1H, J = 3.7 Hz), 
5.98 (d, 1H, J = 3.7 Hz), 3.40 (d, 1H, J = 10.3 Hz), 3.35 (d, 1H, J = 10.3 Hz), 2.80-2.59 (m, 6H), 2.01-1.62 (m, 6H), 
1.11 (s, 3H). 

I R spectrum v max cm' 1 (CHCI 3 ) : 3272, 2927, 2857, 1624, 1494, 1454, 1410, 1363, 1293, 1263, 1210, 1048, 915,801, 
30 749, 700. 

Mass spectrum (FAB + ) m/z : 329((M+H) + ). 

(Example 43) 

35 Mono (2R)-2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate (Exemplification 
compound number : 5-1 344 having formula I la-2) 

(43a) (2R)-2-t-Butoxycarbonylamino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol 

to [0495] To a solution of (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol hydrochlo- 
ride (1 .4647 g, 3.87 mmol) obtained in Example (33b) in dichloromethane (38 ml) were added successively di-t-butyl 
dicarbonate (1 ,0126 g, 4.64 mmol) and triethylamine (1 .62 ml, 1 1 .65 mmol) with stirring, and the resulting mixture was 
stirred at room temperature for 1 8 hours. After stirring, the reaction mixture was evaporated in vacuo, and water was 
added to the residue, and then the resulting mixture was extracted with ethyl acetate. The extract was washed with 

45 saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. After filtration, the solvent 
was removed in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent 
of hexane and ethyl acetate (3 : 2) as the eluent to afford the title compound (1 .6928 g, yield: 99 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.28-7.24 (m, 2H), 7.18-7.14 (m, 3H), 6.90 (d, 1H, J = 3.7 Hz), 5.95 (d, 1H, J 
= 3.7 Hz), 4.63 (br s, 1H), 3.98 (br s, 1H), 3.87 (s, 3H), 3.68 (d, 2H, J = 6.6 Hz), 2.75 (t, 2H, J = 7.3 Hz), 2.70-2.62 (m, 

so 3H), 2.55 (ddd, 1H, J = 15.4 Hz, 12.4 Hz, 5.1 Hz), 2.13-2.04 (m, 1H), 1.96-1.89 (m, 1H), 1.79-1.64 (m, 4H), 1.43 (s, 
9H), 1.21 (s,3H). 

Mass spectrum (FAB + ) m/z : 443((M+H) + ). 

(43b) (2R)-2-t-Butoxycarbonylamino-2-methyl-9-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl diallyl phosphate 

55 

[0496] To a solution of (2R)-2-t-butoxycarbonylamino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan- 
1 -ol (1 .6928 g, 3.83 mmol) obtained in Example (43a) in dichloromethane (1 9 ml) were added successively 1 H-tetrazole 
(1.7933 g, 25.60 mmol) and diallyl diisopropylphosphoramidite (2.02 ml, 7.64 mmol) with stirring under ice-cooling, 
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and then the resulting mixture was stirred at room temperature for 2 hours. After stirring, to the reaction mixture was 
added a solution of t-butyl hydroperoxide in n-decane (5-6 mol/l) (2.3 ml, 11.5 mmol) with stirring under ice cooling, 
and the resulting mixture was stirred at the same temperature for 1 5 minutes. After stirring, to the reaction mixture was 
added an aqueous sodium sulfite solution to quench the reaction, and the resulting mixture was extracted with dichlo- 

s romethane. The extract was washed successively with saturated aqueous sodium hydrogencarbonate solution and 
saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was 
removed in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of 
hexane and ethyl acetate (3 : 2) as the eluent to afford the title compound (1 .5690 g, yield: 68 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 8 : 7.28-7.24 (m, 2H), 7.18-7.14 (m, 3H), 6.89 (d, 1 H, J = 3.7 Hz), 5.99-5.89 (m, 

10 3H), 5.39-5.29 (m,4H), 4.62 (brs, 1H), 4.60-4.52 (m, 4H), 4.21 (dd, 1H, J = 9.5 Hz, 5.1 Hz), 4.01 (dd, 1H, J = 9.5 Hz, 
5.9 Hz), 3.86 (s, 3H), 2.74 (t, 2H, J = 7.3 Hz), 2.64 (t, 2H, J = 8.1 Hz), 2.58 (t, 2H, J = 8.1 Hz), 2.22-2.12 (m, 1H), 
1 .90-1 .81 (m, 1 H), 1 .79-1 .64 (m, 4H), 1 .43 (s, 9H), 1 .26 (s, 3H). 
Mass spectrum (FAB + ) m/z : 603((M+H) + ). 

15 (43c) Mono (2R)-2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate 

[0497] To a suspension of (2R)-2-t-butoxycarbonylamino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]- 
1 -butyl diallyl phosphate (1 .5665 g, 2.60 mmol) obtained in Example (43b), triphenylphosphine (0.1402 g, 0.54 mmol) 
and tetrakis(triphenylphosphine)palladium(0) (0.1503 g, 0.13 mmol) in acetonitrile (26 ml) was added pyrrolidine (1 .1 

20 ml, 13 mmol) with stirring under a nitrogen atmosphere, and the resulting mixture was stirred at room temperature for 
24 hours. After stirring, the reaction mixture was evaporated in vacuo, and 1 N hydrochloric acid was added to the 
residue, and then the resulting mixture was extracted with dichloromethane. The extract was dried over anhydrous 
sodium sulfate. After filtration, the filtrate was evaporated in vacuo to afford the crude product (1 .4625 g). 
[0498] Subsequently, to a solution of the crude product (1.4625 g) thus obtained in dichloromethane (26 ml) was 

25 added trifluoroacetic acid (8.6 ml) with stirring under ice-cooling. After the reaction temperature was raised to room 
temperature, the resulting mixture was furthermore stirred at room temperature for 2 hours. The reaction mixture was 
evaporated in vacuo, and ethanol was added to the residue. The crystals precipitated were collected by filtration to 
afford the crude crystals. The crude crystals obtained were dissolved in a mixed solvent of methanol (200 ml) and 
water (67 ml), treated with charcoal and filtered using celite. The filtrate was evaporated in vacuo, and ethanol was 

30 added to the residue. The crystals precipitated were collected by filtration, washed with ethanol and dried to afford the 
title compound (0.5554 g, yield: 51%). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 5 : 7.25-7.22 (m, 2H), 7.17-7.11 (m, 3H), 7.07 (d, 1H, J = 4.4 Hz), 6.04 (d, 
1 H, J = 4.4 Hz), 4.1 7 (d, 2H, J = 1 0.3 Hz), 3.87 (s, 3H), 2.82-2.71 (m, 4H), 2.63 (t, 2H, J = 7.3 Hz), 2.20-2.01 (m, 2H), 
1.75-1.63 (m, 4H), 1.46 (s, 3H). 
35 IR spectrum v max cm- 1 (KBr) : 3429, 2934, 2857,2717,2603, 1639, 1557, 1480, 1455, 1378, 1182, 1056, 1041, 946, 
915, 821, 748, 699, 580, 511. 
Mass spectrum (FAB*) m/z : 421 ((M-H)-). 

(Example 44) 

40 

(3R)-3-Amino-3-methyl-5-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonic acid (Exemplification 
compound number : 5-1344 having formula llla-2) 

(44a) (2R)-2-t-Butoxycarbonylamino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butanal 

45 

[0499] To a solution of (2R)-2-t-butoxycarbonylamino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan- 
1-ol (0.3520 g, 0.80 mmol) obtained in Example (43a) in dichloromethane (8 ml) were added successively molecular 
sieves 4A (0.2234 g) and pyridinium dichromate (0.4594 g, 1 .22 mmol), and the resulting mixture was stirred at room 
temperature for 20 hours. After stirring, ether was added to the reaction mixture, and the resulting mixture was filtered. 
so The filtrate was evaporated in vacuo, and the residue was purified by chromatography on a silica gel column using a 
mixed solvent of hexane and ethyl acetate (3 : 2) as the eluent to afford the title compound (0.2195 g, yield: 63 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 9.36 (s, 1H), 7.28-7.25 (m, 2H), 7.18-7.15 (m, 3H), 6.89 (d, 1H, J = 3.7 Hz), 
5.92 (d, 1H, J = 3.7 Hz), 5.20 (brs, 1H) , 3.83 (s, 3H), 2.74 (t, 2H, J = 7.3 Hz), 2.64 (t, 2H, J = 7.3 Hz), 2.59-2.52 (m, 
1 H) , 2.45-2.28 (m, 2H), 2:09-2.03 (m, 1 H), 1 .78-1 .64 (m, 4H), 1 .44 (s, 9H), 1 .40 (s, 3H). 
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(4 4b) Diethyl (3R)-3-t-butoxycarbony!amino-3-methyl-5-[1-methyl-5- (5-phenylpentanoyl)pyrrol-2-yl]pent- 
1-enylphosphonate 

[0500] To a suspension of sodium hydride (content: 60%) (31 .0 mg, 0.78 mmol) in tetrahydrofuran (1 ml) was added 
s tetraethyl methylenediphosphonate (0.1 85 ml, 0.75 mmol) with stirring under ice-cooling over a 5-minute interval, and 
then the resulting mixture was stirred at room temperature for 30 minutes. 

[0501] Subsequently, to the reaction mixture was added a solution of diethyl (2R)-2-t-butoxycarbonylamino-2-methyl- 
4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1-butanal (0.2155 g, 0.49 mmol) obtained in Example (44a) in tetrahy- 
drofuran (4 ml) with stirring under ice-cooling over a 5-minute interval, and the resulting mixture was stirred at the same 

10 temperature for 30 minutes. After stirring, the reaction mixture was neutralized with acetic acid (42 pJ, 0.73 mmol) and 
evaporated in vacuo. Water was added to the residue obtained, and the resulting mixture was extracted with ethyl 
acetate. The extract was washed successively with water and saturated aqueous sodium chloride solution and dried 
over anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a silica gel column using a mixed solvent of ethyl acetate and hexane (2:1 - 1 :0) as the eluent to 

15 afford the title compound (0.2348 g, yield: 85 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.28-7.25 (m, 2H), 7.18-7.15 (m, 3H), 6.90 (d, 1H, J = 4.4 Hz), 6.77 (dd, 1H, 
J = 22.7 Hz, 17.6 Hz), 5.92 (d, 1H, J = 4.4 Hz), 5.72 (t, 1H, J = 17.6 Hz), 4.59 (brs, 1H), 4.12-4.05 (m, 4H), 3.84 (s, 
3H), 2.74 (t, 2H, J = 7.3 Hz), 2.64 (t, 2H, J = 7.3 Hz), 2.59-2.50 (m, 2H), 2.26-2. 1 8 (m, 1 H), 2.01 -1 .93 (m, 1 H), 1 .78-1 .64 
(m, 4H), 1.42 (s, 12H) , 1. 32 (t, 6H, J = 7.3 Hz). 

20 Mass spectrum (FAB + ) m/z : 575((M+H) + ). 

(44c) Diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl] 
pentylphosphonate 

25 [0502] To a solution of diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl] 
penM-enylphosphonate (145.4 mg, 0.25 mmol) obtained in Example (44b) in ethanol (2.5 ml) was added chlorotris 
(triphenylphosphine)rhodium(l) (23.7 mg, 0.026 mmol), and the resulting mixture was stirred at 50°C under a hydrogen 
atmosphere for 5 hours. After cooling, to the reaction mixture was added furthermore chlorotris(triphenylphosphine) 
rhodium(l) (24.3 mg, 0.026 mmol), and the resulting mixture was stirred at 50°C under a hydrogen atmosphere for 5 

30 hours. After stirring, the reaction mixture was evaporated in vacuo, and the residue was purified by chromatography 
on a silica gel column using ethyl acetate as the eluent to afford the crude product (1 54.0 mg). Furthermore, the crude 
product obtained was purified using a preparative reversed phase HPLC column [Inertsil ODS-3 (2.0 cm x 25 cm), 
GL Science, mobile phase: acetonitrile/water (80 : 20), flow rate: 10 ml/min] to afford the title compound (116.1 mg, 
yield: 80 %). 

35 1H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.28-7.24 (m, 2H), 7.1 8-7.14 (m, 3H), 6,89 (d, 1 H, J = 3.7 Hz), 5.92 (d, 1 H, J 
= 3.7 Hz), 4.37 (brs, 1H), 4.14-4.05 (m, 4H), 3.85 (s, 3H), 2.74 (t, 2H, J = 7.3 Hz), 2.64 (t, 2H, J = 7.3 Hz), 2.59-2.50 
(m, 2H), 2.24-2.15 (m, 2H), 1 .83-1 .64 (m, 8H), 1 .42 (s, 9H), 1 .33 (t, 3H, J =7.3 Hz), 1 .32 (t, 3H, J = 7.3 Hz), 1 .21 (s, 3H). 
Mass spectrum (FAB + ) m/z : 577((M+H) + ). 

40 (44d) (3R)-3-Amino-3-methyl-5-[5-(5-phenylpentanoyl)furan-2-yl]pentylphosphonic acid 

[0503] To a solution of diethyl (3R)-3-t-butoxycarbonylamino-3-methyl-5-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl] 
pentylphosphonate (114.0 mg, 0.20mmol) obtained in Example (44c) in dichloromethane (2.0 ml) was added bromot- 
rimethylsilane (0.26 ml, 1.97 mmol), and the resulting mixture was stirred at room temperature under a nitrogen at- 
15 mosphere for 5 hours. After stirring, the reaction mixture was evaporated in vacuo, and the residue was diluted with 
aqueous ethanol and then adjusted to pH 4 with aqueous ammonia and acetic acid. The crystals precipitated were 
collected by filtration, washed successively with water and ethanol and dried to afford the title compound (52.0 mg, 
yield: 63%). 

1 H-NMR spectrum (CD 3 C0 2 D, 400MHz) 5 : 7.26-7.22 (m, 2H), 7.18-7.12 (m, 3H), 7.07 (d, 1H, J = 4.1 Hz), 6.05 (d, 
50 1 H, J = 4.1 Hz), 3.88 (s, 3H), 2.80 (t, 2H, J = 7.3 Hz), 2.73 (t, 2H, J = 8.8 Hz), 2.63 (t, 2H, J = 7.3 Hz), 2.23-1 .94 (m, 
6H), 1 .76-1 .64 (m, 4H), 1 .48 (s, 3H). 

IR spectrum v max cm" 1 (KBr): 3171, 3025, 2936, 2859, 2549, 1640, 1552, 1484, 1461, 1380, 1136, 1064, 1051, 914, 
881,772, 741, 699. 

Mass spectrum (FAB - ) m/z : 419((M-H)-). 

55 
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(Reference example 1) 

(Furan-2-yl)methyl triphenylphosphonium bromide 

5 [0504] To a solution of furfuryl alcohol (29.43 g, 300 mmol) in tetrahydrofuran (300 ml) was added a solution of 
phosphorus tribromide (10 ml, 105 mmol) in tetrahydrofuran (30 ml) with stirring under ice-cooling over a 30-minute 
interval, and then the resulting mixture was stirred at room temperature for 1 hour. After stirring, the reaction mixture 
was neutralized with aqueous sodium hydroxide solution [prepared by dissolving sodium hydroxide (30.23 g) in water 
(75 ml)], and the organic layer was separated by partitioning, and dried with sodium hydroxide (10 g). The organic 

10 layer was collected by decantation, and to the organic layer were added anhydrous sodium sulfate and charcoal, and 
then the resulting mixture was filtered. 

[0505] Subsequently, to the filtrate were added tetrahydrofuran (1 50 ml) first and then trlphenylphosphine (78.64 g, 
300 mmol) with stirring, and the resulting mixture was stirred at 70°C for 2 hours. After cooling, the crystals precipitated 
were collected by filtration, washed with ethyl acetate and dried in vacuo to afford the title compound (98.84 g, yield: 
15 78 %). 

(Reference example 2) 

(2R)-2-t-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(furan-2-yl)-3-butene 

20 

(2a) (2R)-2-t-Butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanol 

[0506] To a suspension of 2-t-butoxycarbonylamino-2-methylpropane-1 ,3-diol (20.0 g, 97.4 mmol) in isopropyl ether 
(200 ml) were added successively vinyl hexanoate (16.3 ml, 0.10 mol) and lipase [Immobilized lipase from Pseu- 
25 domonas sp., TOYOBO, 0.67U/mg] (0.8 g) with stirring, and the resulting mixture was stirred at room temperature for 
2 hours. After stirring, the reaction mixture was filtered and evaporated in vacuo. The residue obtained was purified 
by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (10:1 - 2:1) as the eluent 
to afford the title compound (25.0 g, yield: 85 %). 

[0507] Furthermore, the (2R)-2-t-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanol obtained above was 
30 analyzed with a HPLC column for separating optical isomers [ChiralCel OF (0.46 cm x 25 cm), Daicel Chemical In- 
dustries, Ltd., mobile phase: hexane/2-propanol (70/30), flow rate: 0.5 ml/min], and its optical purity was determined. 
[0508] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 8.2 
min) was the 2S-isomer, and the compound eluted afterward (retention time: 10.5 min) was the 2R-isomer, and that 
the optical purity of the product synthesized was 85% ee. 
35 Angle of rotation : [a] D = -8.5 (c=1 .86, CHCI 3 ), 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 4.86 (s, 1H), 4.25 (d, 1H, J= 11.2 Hz), 4.19 (d, 1H, J = 11.2 Hz), 3.86 (brs, 
1 H), 3.70-3.55(m, 2H), 2.36 (t, 2H, J = 7.4 Hz), 1 .44 (s, 9H), 1 .40-1 .30 (m, 4H), 1 .25 (s, 3H), 0.90 (t, 3H, J = 7.0 Hz). 
IR spectrum v max cm' 1 (Liquid Film) : 3415, 3380,2961,2935,2874, 1721, 1505, 1458, 1392, 1368, 1293, 1248, 1168, 
1076. 

40 Mass spectrum (FAB+) m/z : 304((M+H) + ). 

(2b) (2S)-2-t-Butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanal 

[0509] To a solution of (2R)-2-t-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1 -propanol (30.70 g, 0.1 01 mol) ob- 
45 tained in Reference example (2a) in dichloromethane (600 ml) were added successively molecular sieves 4A (220 g) 
and pyridinium chlorochromate (43.6 g, 0.202 mol) with stirring under ice-cooling, and then the resulting mixture was 
stirred at room temperature for 2 hours. After stirring, ether was added to the reaction mixture, and after filtration, the 
filtrate was evaporated in vacuo. The residue obtained was purified by chromatography on a silica gel column using a 
mixed solvent of hexane and ethyl acetate (1 0:1 - 5:1 ) as the eluent to afford the title compound (28.81 g, yield: 95 %). 
50 1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 9.45 (s, 1H), 5.26 (brs, 1H), 4.44 (d, 1H, J = 11.2 Hz), 4.32 (d, 1H, J = 11.2 
Hz), 2.32 (t, 2H, J = 7.46 Hz), 1 .70-1 .55 (m, 2H), 1 .45 (s, 9H), 1 .38 (s, 3H), 1 .40-1 .25 (m, 4H), 0.90 (t, 3H, J = 7.0 Hz). 
I R spectrum v max cm" 1 (Liquid Film) : 3367, 2961,2935,2874, 1742, 1707, 1509, 1458, 1392, 1369, 1290, 1274, 1254, 
1166, 1100, 1078. 

Mass spectrum (FAB+) m/z : 302((M+H) + ), 

55 

(2c) (2R)-2-t-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(furan-2-yl)-3-butene 



[0510] To a suspension of (furan-2-yl)methyl triphenylphosphonium bromide (33.65 g, 79.5 mmol) obtained in Ref- 
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erence example 1 in tetrahydrofuran (90 ml) was added a solution of potassium t-butoxide (8.94 g, 79.7 mmol) in 
tetrahydrofuran (90 ml) with stirring under ice-cooling over a 1 0-minute interval, and the resulting mixture was further- 
more stirred under ice-cooling for 15 minutes. 

[0511] Subsequently, to the reaction mixture was added a solution of (2S)-2-t-butoxycaifconylamino-3-n-hexanoy- 
5 loxy-2-methyl-1-propanal (16.18 g, 53.7 mmol) obtained in Reference example (2b) in tetrahydrofuran (60 ml) with 
stirring under ice-cooling over a 15-minute interval, and the resulting mixture was stirred under ice-cooling for 30 min- 
utes. After stirring, saturated aqueous ammonium chloride solution was added to the reaction mixture to quench the 
reaction, and then the reaction temperature was raised to room temperature. After evaporation of the reaction mixture 
in vacuo, ethyl acetate and water were added to the residue and then the resulting mixture was extracted with ethyl 
10 acetate. The extract was washed successively with water and saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (1 0:1 ) as the eluent to afford 
the title compound (1 9.32 g, yield: 98 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.45 (d, 1 H, J = 1 .6 Hz), 7.33 (d, 1 H, J = 1 .5 Hz), 6.41 (dd, 1 H, J = 2.9Hz, 1 .6 
15 Hz), 6.36-6.35 (m, total 2H), 6.33 (d, 1 H, J =15.9 Hz), 6.26-6.22 (m, total 2H), 6.20 (d, 1H, J =15.9 Hz), 5.59 (d, 1H, J 
= 12.7 Hz), 5.22 (brs, 1H), 4.82 (br s, 1H) ,4.43 (d, 1H, J = 11.0 Hz), 4.32 (d, 1H, J= 11.0 Hz), 4.25 (d, 1H, J = 11.0 
Hz), 4.18 (d, 1H, J = 11 .0 Hz), 2.36-2.32 (m, total 4H), 1 .67-1 .22 (m, total 40H), 0.92-0.87 (s, total 6H). 
I R spectrum v max cm- 1 (Liquid Film) : 3445, 2962,2933,2873,2250, 1720, 1497, 1457, 1391, 1368, 1249, 1165, 1075, 
1015. 

20 Mass spectrum (FAB + ) m/z : 388((M+ Na) + ), 366((M+H) + ). 
(Reference example 3) 

(4R)-4-Methyl-4-[2-(furan-2-yl)ethenyl]-1,3-oxazolidin-2-one 

[0512] To a solution of (2R)-2-t-butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(furan-2-yl)-3-butene (19.32 g, 
52.9 mmol) obtained in Reference example (2c) in a mixed solvent of tetrahydrofuran (53 ml) and methanol (53 ml) 
was added 2N aqueous sodium hydroxide solution (53 ml), and the resulting mixture was stirred at room temperature 
for 1 hour. After stirring, water and dichloromethane were added to the reaction mixture, and the resulting mixture was 
extracted with dichloromethane. The extract was washed with saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo to afford the crude product (14.84 g ( 
yield: 100%). 

[051 3] Subsequently, to a solution of the crude product in tetrahydrofuran (1 50 ml) was added a solution of potassium 
t-butoxide (7.20 g, 64.2 mmol) in tetrahydrofuran (50 ml) with stirring under ice-cooling over a 1 0-minute interval, and 
the resulting mixture was stirred at the same temperature for 1 hour. After stirring, the reaction mixture was neutralized 
with acetic acid (3.65 ml, 63.8 mmol) and evaporated in vacuo. Water and ethyl acetate were added to the residue 
obtained, and the resulting mixture was extracted with ethyl acetate. The extract was washed with saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl 
acetate (1:1) as the eluent to afford the title compound (10.04 g, yield: 98 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.49 (d, 1 H, J = 1 .6 Hz), 7.36 (d, 1 H, J = 1 .6 Hz), 6.46 (d, 1 H, J = 2.1 Hz), 6.43 
(d, 1H, J =16.1 Hz), 6.04-6.37 (m, total 2H), 6.30 (brs, 1H), 6.30 (d, 1H, J = 3.3 Hz), 6.21 (d, 1H, J = 12.7 Hz), 6.18 
(d, 1H, J =16.1 Hz), 5.88 (br s, 1H), 5.62 (d, 1H, J = 12.7 Hz), 4.41 (d, 1H, J = 8.5 Hz), 4.37 (d, 1H, J = 8.5 Hz), 4.23 
(d, 1H, J = 8.3 Hz), 4.17 (d, 1H, J = 8.3 Hz), 1.65 (s,3H), 1.54 (s, 3H). 
I R spectrum v max crrr 1 (CDCI 3 ) : 3451, 2252, 1757, 1396, 1374, 1281, 1165, 1044, 1016. 
Mass spectrum (EI+) m/z : 193(M + ), 178(base), 163, 148, 135, 120, 107, 91, 81, 65. 

(Reference example 4) 

so (4R)-4-Methyl-4-[2-(furan-2-yl)ethyl]-1,3-oxazolidin-2-one 

[0514] To a suspension of 1 0% palladium-charcoal (50% wet with water) (1 .00 g) in methanol (20 ml) was added a 
solution of (4R)-4-methyl-4-[2-(furan-2-yl)ethenyl]-1,3-oxazolidin-2-one (10.04 g, 52.0 mmol) obtained in Reference 
example 3 in methanol (1 80 ml) with stirring, and the resulting mixture was stirred at room temperature under a hydrogen 
55 atmosphere for 40 minutes. After stirring, the palladium-charcoal in the reaction mixture was filtered off using celite, 
and the filtrate was evaporated in vacuo. The residue obtained was purified by chromatography on a silica gel column 
using a mixed solvent of hexane and ethyl acetate (3:2 - 1:1) as the eluent to afford the title compound (7.95 g, yield: 
78%). 
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[0515] Furthermore, the (4R)-4-methyl-4-[2-(furan-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained was analyzed with a 
HPLC column for separating optical isomers [ChiralPak AD (0.46 cm x 25 cm), Daicel Chemical Industries, Ltd., mobile 
phase: n-hexane/2-propanol (85/15), flow rate: 1 .0 ml/min], and its optical purity was determined. 
[0516] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 1 3.09 
5 min) was the 45-isomer, and the compound eluted afterward (retention time: 15.43 min) was the 4R-isomer, and that 
the optical purity of the product synthesized was 84% ee. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.31 (br s, 1H,), 6.29 (brd, 1H, J = 2.6 Hz), 6.03 (d t 1H, J = 2.6 Hz), 5.92 (br 
s, 1 H), 4.11 (d, 1 H, J = 8.4 Hz), 4.04 (d, 1 H, J = 8.4 Hz), 2.72 (t, 2H, J = 8.0 Hz), 1 .98-1 .94 (m, 2H), 1 .68-1 .61 (m, 2H), 
1.38 (s, 3H). 

10 IR spectrum v max cm" 1 (CDCI 3 ) : 3450,2975,2928, 2250, 1755, 1599, 1508, 1400, 1381, 1147, 1045, 1010. 
Mass spectrum (El + ) m/z : 195(M + ), 178, 164, 134, 121, 100(base), 96, 94, 81, 56. 

(Reference example 5) 

15 (2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(furan-2-yl)butane 

(5a) (2R)-2-Amino-2-methyl-4-(furan-2-yl)butan-1-ol 1/2 D-(-)tartrate 

[0517] To a solution of (4R)-4-methyl-4-[2-(furan-2-yl)ethyl]-1 ,3-oxazolidin-2-one (29.9 g, 153.2 mmol) obtained in 
20 Reference example 4 in a mixed solvent of tetrahydrofuran (150 ml) and methanol (150 ml) was added 5N aqueous 
potassium hydroxide solution (150 ml) with stirring, and the resulting mixture was refluxed for 3 days. After cooling, 
water was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The extract 
was dried over anhydrous sodium sulfate. After filtration, the filtrate was evaporated in vacuo. 
[0518] Subsequently, to a solution of the residue obtained in ethanol (250 ml) was added a solution of D-(-)-tartrate 
25 (11 ,5 g, 76.6 mmol) in ethanol (100 ml) with stirring, and the resulting mixture was stirred for 10 minutes. The crude 
crystals precipitated were collected by filtration and then recrystallized from a mixed solvent of ethanol (300 ml) and 
water (75ml) to afford the title compound (24.4 g, yield: 65%) as colorless plate crystals. 

[0519] Subsequently, to a suspension of (2R)-2-amino-2-methyl-4-(furan-2-yl)butan-1 -ol 1/2 D-(-)tartrate (51 .2 mg, 
0.16 mmol) obtained above in dichloromethane (1 .6 ml) were added successively di-t-butyl dicarbonate (0.17 g, 0.78 

30 mmol), triethylamine (0.22 ml, 1.58 mmol) and 4-dimethylaminopyridine (3.0 mg, 0.025 mmol) with stirring, and the 
resulting mixture was stirred at room temperature for 20 minutes. After stirring, water was added to the reaction mixture, 
and the resulting mixture was evaporated in vacuo. The residue obtained was purified by chromatography on a silica 
gel column using a mixed solvent of hexane and ethyl acetate (1 : 1 ) as the eluent to afford (4R)-4-methyl-4-[2-(furan- 
2-yl)ethyl]-1 ,3-oxazolidin-2-one (1 8.0 mg, yield: 58 %). 

35 [0520] Furthermore, the (4R)-4-methyl-4-[2-(furan-2-yl)ethyl]-1,3-oxazolidin-2-one obtained above was analyzed 
with a HPLC column for separating optical isomers [ChiralPak AD (0.46 cm x 25 cm), Daicel Chemical Industries, Ltd., 
mobile phase: n-hexane/2-propanol (85/15), flow rate: 1 .0 ml/min] in a similar manner to that mentioned in Reference 
example 4, and its optical purity was determined. 

[0521] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 1 3.09 
^o min) was the 4S-isomer, and the compound eluted afterward (retention time: 1 5.43 min) was the 4R-isomer, and that 
the optical purity of this product was 99.3% ee. 

[0522] According to the results obtained above, the optical purity of the (2R)-2-amino-2-methyl-4-(furan-2-yl)butan- 
1 -ol 1/2 D-(-)tartrate synthesized was confirmed to be more than 99.3%. 
Melting point : 225 °C, 
45 Angle of rotation : [a] D = -13.43 (c=1 .00, MeOH), 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 7.36 (d, 1 H, J = 2.0 Hz), 6.30 (dd, 1 H, J = 2.8 Hz, 2.0 Hz), 6.09 (d, 1 H, J = 
2.8 Hz), 3.58 (d, 1H, J = 11 .6 Hz), 3.51 (d, 1 H, J = 11 .6 Hz), 2.77-2.68 (m, 2H), 2.07-1 .88 (m, 2H), 1 .28 (s, 3H). 
IR spectrum v max cm' 1 (KBr) : 3405, 3226, 3135, 2943, 2597, 1598, 1528, 1401, 1299, 1228, 1124, 1079, 1003, 740. 
Mass spectrum (FAB + ) m/z : 1 70((M+H) + ; as the free form of the title compound), 

50 

Elemental analysis (% as C 9 H 15 N0 2 -1/2C 4 H 6 0 6 ) 

Calculated j C; 54.09, H; 7.43, N; 5.73 
Found | C; 53.93, H; 7.30, N; 5.79. 

55 1 ™ _ ~" — - __ 

(5b) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-(furan-2-yl)butane 

[0523] To a suspension of (2R)-2-amino-2-methyl-4-(furan-2-yl)butan-1 -ol 1/2 D-(-)tartrate (24.21 g, 99.1 mmol) ob- 
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tained in Reference example (5a) in a mixed solvent of dichloromethane (400 ml) and water (100 ml) was added an 
aqueous sodium hydroxide solution [prepared by dissolving sodium hydroxide (97% pure) (22.34 g) in water (100 ml)] 
with stirring, and the resulting mixture was stirred at room temperature for 20 minutes. After stirring, the reaction mixture 
was extracted with dichloromethane, and the extract was dried over anhydrous sodium sulfate. After filtration, the 

5 solvent was evaporated in vacuo. 

[0524] Subsequently, to a solution of the residue obtained in dichloromethane (500 ml) were added successively 
triethylamine (138 ml, 993 mmol), acetic anhydride (46.5 ml, 493 mmol) and 4-dimethylaminopyridine (1.21 g, 9.9 
mmol), and the resulting mixture was stirred at room temperature for 1 hour. After stirring, methanol was added to the 
reaction mixture to quench the reaction, and the reaction mixture was evaporated in vacuo. Ethyl acetate and water 

10 were added to the residue obtained, and the resulting mixture was extracted with ethyl acetate. The extract was washed 
successively with water and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. 
After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel 
column using a mixed solvent of ethyl acetate and hexane (2:1) as the eluent to afford the title compound (25.11 g, 
yield: 100%). 

15 1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.30(d, 1 H, J = 1 .8 Hz), 6.28 (dd, 1 H, J = 3.0 Hz, 1 .8 Hz), 6.01 (d, 1 H, J = 3.0 
Hz), 5.36 (brs, 1H),4.30 (d, 1H, J= 11.1 Hz), 4.17 (d, 1H, J= 11.1 Hz), 2.66 (t, 2H, J = 8.3 Hz), 2.30-2.22 (m, 1H), 
2.09 (s, 3H), 2.02-1 .94 (m, 1 H), 1 .92 (s, 3H), 1 .35 (s, 3H). 

Mass spectrum (El + ) m/z : 253(M + ), 211, 194, 180, 138, 134(base), 121, 99, 94, 81, 74, 57, 43. 
20 (Reference example 6) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(5-bromofuran-2-yl)butane 

[0525] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(furan-2-yl)butane (5.85 g, 23.1 mmol) obtained in 
25 Reference example (5b) in N , N-dimethylformamide (1 00 ml) were added several small portions of N-bromosuccinimide 
(4.32 g, 24.3 mmol) with stirring under ice-cooling, and the resulting mixture was stirred at the same temperature for 
30 minutes. After stirring, to the reaction mixture were added successively 10% aqueous sodium thiosulfate solution 
and saturated aqueous sodium hydrogencarbonate solution, and the resulting mixture was extracted with ether. The 
extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
30 filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (2:1) as the eluent to afford the crude product. The crude product 
obtained was furthermore purified using a preparative reversed phase HPLC column [TSK-GEL ODS-80 Ts (5.0 cm 
x 30 cm), TOSO, mobile phase: acetonitrile/water (50 : 50), flow rate: 40 ml/min] to afford the title compound (2.95 g, 
yield: 38%). 

35 1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.1 8 (d, 1 H, J = 3.3 Hz), 5.99 (d, 1 H, J = 3.3 Hz), 5.37 (br s, 1 H), 4.29 (d, 1 H, 
J = 11.3 Hz), 4.16 (d, 1H, J = 11.3 Hz), 2.70-2.57 (m, 2H), 2.30-2.22 (m, 1H), 2.10 (s, 3H), 2.01-1.93 (m, 1H), 1.94 (s, 
3H), 1.34 (s,3H). 

IR spectrum v max cm' 1 (Liquid Film) : 3300, 3074, 2978,2938, 1742, 1658, 1549, 1510, 1450, 1373, 1241, 1128, 1012, 
945, 922, 784, 733, 605. 
^0 Mass spectrum (FAB + ) m/z : 332((M+H) + ). 

(Reference example 7) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(5-iodofuran-2-yl)butane 

45 

[0526] To a solution of (2R)-1 -acetoxy-2-acetylamino-2-methyl-4-(furan-2-yl)butane (5.11 g, 19.8 mmol) obtained in 
Reference example (5b) in chloroform (1 00 ml) were added successively pyridine (8.0 ml, 99.1 mmol) and iodine (1 0.07 
g, 39.7 mmol), and the resulting mixture was stirred at 60°C for 3 hours. After cooling, 1 0% aqueous sodium thiosulfate 
solution was added to the reaction mixture to quench the reaction, and the reaction mixture was extracted with dichlo- 

50 romethane. The extract was washed successively with water, saturated aqueous sodium hydrogencarbonate solution 
and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent 
was removed in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent 
of ethyl acetate and hexane (3:2) as the eluent to afford the crude product (5.57 g). The crude product obtained was 
furthermore purified using a preparative reversed phase HPLC column [TSK-GEL ODS-80 Ts (5.0 cm x 30 cm), TOSO, 

55 mobile phase: acetonitrile/water (50 : 50), flow rate: 40 ml/min] to afford the title compound (2.9467 g, yield: 39 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.42 (d, 1 H, J = 3.1 Hz), 5.95 (d, 1 H, J = 3.1 Hz), 5.37 (br s, 1 H) , 4.29 (d, 1 H, 
J = 11.1 Hz), 4.16 (d, 1H, J = 11.1 Hz), 2.72-2.63 (m, 2H), 2.29-2.21 (m, 1H), 2.10 (s, 3H), 2.05-1.93 (m, 1H), 1.94 (s, 
3H), 1.34 (s,3H). 
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IR spectrum v max cm" 1 (CHCI 3 ) : 3444, 2941, 1736, 1681, 1598, 1512, 1374, 1252, 1103, 1043, 1011, 947, 912. 
Mass spectrum (FAB+) m/z : 380((M+H) + ). 

(Reference example 8) 

5 

(1-Methylpyrrol-2-yl)methyl triphenylphosphonium iodide 

[0527] A mixture of 35% aqueous formaldehyde solution (20.8 ml, 264.3 mmol) and dimethylamine hydrochloride 
(22.70 g, 278.4 mmol) was added to 1 -methylpyrrole (21.42 g, 264.1 mmol) with stirring under ice-cooling over a 

10 90-minute interval, and then the resulting mixture was stirred at room temperature for 6 hours. After stirring, 10% 
aqueous sodium hydroxide solution (150 ml) was added to the reaction mixture, and the reaction mixture was extracted 
with ether. The extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica 
gel column using a mixed solvent of dichloromethane and methanol (10:1) as the eluent to afford 2-(N,N-dimethylami- 

15 nomethyl)-1 -methylpyrrole (31 .47 g, yield: 86%). 

[0528] Subsequently, to a solution of 2-(N,N-dimethylaminomethyl)-1 -methylpyrrole (30.00 g, 21 7.5 mmol) obtained 
above in ethanol (220 ml) was added methyl iodide (1 6.2 ml, 260.2 mmol) with stirring under ice-cooling, and then the 
resulting mixture was stirred at room temperature for 2 hours. After stirring, ethyl acetate (220 ml) was added to the 
reaction mixture. The crystals precipitated were collected by filtration, washed with ethyl acetate and dried to afford 

20 (1-methylpyrrol-2-yl)methyl trimethylammonium iodide (55.34 g, yield: 91%). 

[0529] Subsequently, to a suspension of (1-methylpyrrol-2-yl)methyl trimethylammonium iodide (55.34 g, 197.5 
mmol) obtained above in acetonitrile (400 ml) was added triphenylphosphine (62.20 g, 237.1 mmol) with stirring, and 
the resulting mixture was stirred at 80°C for 10 hours. After cooling, the reaction mixture was concentrated to about 
one-half of its initial volume, to which was added ethyl acetate (200 ml). The crystals precipitated were collected by 

25 filtration, washed with ethyl acetate and dried in vacuo to afford the title compound (77.14 g, yield: 81 %). 

(Reference example 9) 

(2R)-2-t-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(1-methylpyrrol-2-yl)-3-butene 

30 

[0530] The title compound was synthesized in a yield of 80 % using (1-methylpyrrol-2-yl)methyl triphenylphospho- 
nium iodide obtained in Reference example 8 and (2S)-2-t-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-pro- 
panal obtained in Reference example (2b) as the starting materials by conducting the reaction similar to that mentioned 
in Reference example (2c). 

35 1H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.60 (t, 1H, J = 2.3 Hz), 6.57 (t, 1H, J = 2.3 Hz), 6.38 (d, 1H, J = 16.1 Hz), 
6.30-6.26 (m, total 2H), 6.27 (d, 1 H, J = 1 2.5 Hz), 6.11 (t, 1 H, J = 3.2Hz), 6.08 (t, 1 H, J = 3.2Hz), 5.99 (d, 1 H, J =1 6.1 
Hz), 5.58 (d, 1 H, J = 12.5 Hz) 5.04 (br s, 1 H), 4.81 (br s, 1 H), 4.34-4.1 6 (m, total 4H), 3.60 (s, 3H), 3.54 (s, 3H), 2.36-2.30 
(m, total 4H), 1 .67-1 .22 (m, total 4H), 0.92-0.87 (s, total 6H). 

Mass spectrum (El + ) m/z : 280(M + ), 249, 224, 193 (base) , 164, 149, 132, 108, 94, 57. 

40 

(Reference example 10) 

(4R)-4-Methyl-4-[2-(1-methylpyrrol-2-yl)ethenyl]-1 ,3-oxazolidin-2-one 

45 [0531 ] The title compound was synthesized in a yield of 76 % using (2R)-2-t-butoxycarbonylamino-1 -n-hexanoyloxy- 
2-methyl-4-(1-methylpyrrol-2-yl)-3-butene obtained in Reference example 9 as the starting material by conducting the 
reaction similar to that mentioned in Reference example 3. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.67 (t, 1 H, J = 2.1 Hz), 6.62 (t, 1 H, J = 1 .5 Hz), 6.48 (d, 1 H, J = 15.7 Hz), 6.36 
(dd, 1 H, J =3.7 Hz, 1 .5Hz), 6.31 (d, 1 H, J = 12.2 Hz), 6.14-6.1 0 (m, total 2H), 6.07 (br d, 1 H, J = 3.6Hz), 5.99 (d, 1 H, 
so j =15.7 Hz), 5,65 (d, 1 H, J = 1 2.2 Hz) 5.46 (br s, 1 H), 5.11 (br s, 1 H), 4.31 (d, 1 H, J = 8.2 Hz), 4.22 (d, 1 H, J = 8.2 Hz), 
4.17 (d, 1H, J = 8.2 Hz), 4.16 (d, 1H, J = 8.2 Hz), 3.62 (s, 3H), 3.55 (s, 3H), 1,59 (s, 3H), 1.57 (s, 3H). 
Mass spectrum (El + ) m/z : 206(M + , base), 191, 176, 161, 147, 132, 120, 106, 94, 81, 77. 

(Reference example 11) 

55 

(4R)-4-Methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one 



[0532] The title compound was synthesized in a yield of 78 % using (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethenyl]- 
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1 ,3-oxazolidin-2-one obtained in Reference example 10 as the starting material by conducting the reaction similar to 
that mentioned in Reference example 4. 

[0533] Furthermore, the (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained above was an- 
alyzed with a HPLC column for separating optical isomers [ChiralCel OJ (0.46 cm x 25 cm), Daicel Chemical Industries, 
5 Ltd., mobile phase: n-hexane/2-propanol (70/30), flow rate: 1 .0 ml/min], and its optical purity was determined. 

[0534] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 12.29 
min) was the 4S-isomer, and the compound eluted afterward (retention time: 15.39 min) was the 4R-isomer, and that 
the optical purity of the product synthesized was 75% ee. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.58 (t, 1H, J = 2.4 Hz), 6.05 (dd, 1H, J = 3.2 Hz, 2.4 Hz), 5.88 (br d, 1H, J = 
10 3.2 Hz), 5.15 (br s, 1 H), 4.14 (d, 1 H, J = 8.3 Hz), 4.07 (d, 1 H, J = 8.3 Hz), 2.70-2.58 (m, 2H), 2.00-1 .87 (m, 2H), 1 .42 
(s, 3H). 

I R spectrum v max cm' 1 (KBr) : 3289, 3103, 2977, 2938, 1759, 1713, 1495, 1397, 1381, 1309, 1281, 1231, 1032, 945, 
928, 776, 718, 706, 656. 

Mass spectrum (El + ) m/z : 208(M + ), 1 08(base), 94, 81 , 56, 42. 

15 

(Reference example 12) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane 

20 [0535] To a solution of (4R)-4-methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (1 .53 g, 7.36 mmol) ob- 
tained in Reference example 11 in a mixed solvent of tetrahydrofuran (30 ml) and methanol (15 ml) was added 5N 
aqueous potassium hydroxide solution (1 5 ml, 75 mmol), and the resulting mixture was refluxed for 5 days. After cooling, 
water was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The extract 
was dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was 

25 purified by chromatography on a basic silica gel column (NH type) using a mixed solvent of dichloromethane and 
methanol (100 : 1) as the eluent to afford the crude product (1 .32 g, yield: 98 %). 

[0536] Subsequently, to a solution of the crude product (1 .32 g, 7.24 mmol) thus obtained in dichloromethane (36 
ml) were added successively triethylamine (10.0 ml, 71 .9 mmol), acetic anhydride (3.4 ml, 36.1 mmol) and 4-dimeth- 
ylaminopyridine (88 mg, 0.72 mmol) with stirring, and the resulting mixture was stirred at room temperature for 40 

30 minutes. After stirring, methanol(1 .46 ml, 36.0 mmol) was added to the reaction mixture to quench the reaction, and 
the reaction mixture was evaporated in vacuo. Ethyl acetate and water were added to the residue obtained, and the 
resulting mixture was extracted with ethyl acetate. The extract was washed successively with water, saturated aqueous 
sodium hydrogencarbonate solution and saturated aqueous sodium chloride solution and dried over anhydrous sodium 
sulfate. After filtration, the filtrate was concentrated to dryness in vacuo, and the residue was purified by chromatography 

35 on a silica gel column using a mixed solvent of ethyl acetate and hexane (3:2 - 1 :0) as the eluent to afford the title 
compound (1 .89 g, yield: 98 %). 

H-NMR spectrum (CDCI 3 , 400MHz) 6 : 6.54(t, 1 H, J = 2.4 Hz), 6.04 (t, 1 H, J = 2.4 Hz), 5.88 (d, 1 H, J = 2.4 Hz), 5.39 
(br s, 1H), 4.33 (d, 1H, J = 11.2 Hz), 4.20 (d, 1H, J = 11.2 Hz), 2.60-2.51 (m, 2H), 2.26-2.19 (m, 1H), 2.09 (s, 3H), 
1.97-1.89 (m, 4H), 1.38 (s, 3H). 
40 Mass spectrum (FAB + ) m/z : 267((M+H) + ), 266(M + ). 

(Reference example 13) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(1-methyl-5-iodopyrrol-2-yl)butane 

45 

[0537] To a solution of (2R)-1-acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane (1.89 g, 7.10 mmol) 
obtained in Reference example 12 in chloroform (35 ml) were added successively pyridine (2.9 ml, 35.9 mmol) and 
iodine (3.60 g, 1 4. 1 7 mmol) with stirring under ice-cooling, and the resulting mixture was stirred at the same temperature 
for 10 minutes. After stirring, 10% aqueous sodium thiosulfate solution was added to the reaction mixture to quench 

50 the reaction, and the reaction mixture was concentrated to about one-half of its initial volume, and extracted with ethyl 
acetate. The extract was washed successively with saturated aqueous sodium hydrogencarbonate solution and satu- 
rated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the filtrate was con- 
centrated to dryness in vacuo, and the residue obtained was purified by chromatography on a silica gel column using 
a mixed solvent of ethyl acetate and hexane (3 : 2) as the eluent to afford the title compound (1 .40 g, yield: 50 %). 

55 1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.28 (d, 1 H, J = 3.6 Hz), 5.94 (d, 1 H, J = 3.6 Hz), 5.36 (br s, 1 H), 4.32 (d, 1 H, 
J = 11.0 Hz), 4.17 (d, 1H, J = 11.0 Hz), 3,49 (s, 3H), 2.67-2.59 (m, 2H), 2.27-2.19 (m, 1H), 2.09 (s, 3H), 1 .96-1 .87 (m, 
4H), 1.36 (s, 3H). 

Mass spectrum (FAB+) m/z : 393((M+H) + ), 392(M + ). 
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(Reference example 14) 

(2R)-2-t-Butoxycarbonylamino-2-ethyl-1-n-hexanoyloxy-4-(furan-2-yl)-3-butene 

5 (14a) (2R)-2-t-Butoxycarbonylamino-2-ethyl-3-n-hexanoyloxy-1-propanol 

[0538] To a suspension of 2-t-butoxycart>onylamino-2-ethylpropane-1 ,3-diol (52.9 g, 241 mmol) in isopropyl ether 
(1.0 1) were added successively vinyl hexanoate (41 ml, 254 mmol) and lipase [Immobilized lipase from Pseudomonas 
sp., TOYOBO, 0.67U/mg] (2.1 g) with stirring, and the resulting mixture was stirred at room temperature for 4 hours. 
10 After stirring, the reaction mixture was filtered and evaporated in vacuo, and the residue was purified by chromatography 
on a silica gel column using a mixed solvent of hexane and ethyl acetate (7:1 - 4:1 - 2:1) as the eluent to afford the 
title compound (66.8 g, yield: 87 %). 

[0539] Furthermore, the (2R)-2-t-butoxycarbonylamino-2-ethyl-3-n-hexanoyloxy-1 -propanol obtained above was an- 
alyzed with a HPLC column for separating optical isomers [ChiralCel OF (0.46 cm x 25 cm) , Daicel Chemical Industries, 
15 Ltd., mobile phase: hexane/2-propanol (80/20), flow rate: 0.5 ml/min], and its optical purity was determined. 

[0540] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 7.35 
min) was the 2S-isomer, and the compound eluted afterward (retention time: 7.86 min) was the 2R-isomer, and that 
the optical purity of the product synthesized was 93% ee. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 4.76 (br s, 1 H), 4.24 (d, 1 H, J = 1 1 .0 Hz), 4.1 0 (d, 1 H, J = 1 1 .0 Hz), 3.65-3.62 
20 (m, 2H), 2.35 (t, 2H, J = 7.7 Hz), 1 .78-1 .69 (m, 1 H) , 1 .63-1 .53 (m, 4H), 1 .44 (s, 9H), 1 .30-1 .25 (m, 4H), 0.87-0.83 (m, 6H). 
Mass spectrum (FAB+) m/z : 340((M+Na) + ), 318((M+H) + ). 

(1 4b) (2S)-2-t-Butoxycarbonylamino-2-ethyl-3-n-hexanoyloxy-1 -propanal 

25 [0541] To a solution of (2R)-2-t-butoxycarbonylamino-3-n-hexanoyloxy-2-ethyl-1 -propanol (66.7 g, 210 mmol) ob- 
tained in Reference example (14a) in dichloromethane (700 ml) were added successively molecular sieves 4A (117 
g) and pyridinium dichromate (117 g, 311 mmol) with stirring under ice-cooling, and then the resulting mixture was 
stirred at room temperature for 2 hours. After stirring, ether was added to the reaction mixture, and the resulting mixture 
was filtered. The filtrate was evaporated in vacuo, and the residue was purified by chromatography on a silica gel 

30 column using a mixed solvent of hexane and ethyl acetate (10:1 - 5:1) as the eluent to afford the title compound (45.9 
g, yield: 69%). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 9.34, (s, 1H),5.30 (brs, 1H), 4.60 (d, 1H, J= 11.4 Hz), 4.40 (d, 1H, J = 11.4 
Hz), 2.28 (t, 2H, J = 7.3 Hz), 2. 1 8-2.06 (m, 1 H), 1 .79-1 .69 (m, 1 H), 1 .62-1 .55 (m, 2H), 1 .44 (s, 9H), 1 .34-1 .22 (m, 4H), 
0.90 (t, 3H, J = 7.3 Hz), 0.81 (t, 3H, J = 7.3 Hz). 
35 Mass spectrum (FAB+) m/z : 338((M+Na) + ), 31 6((M+H) + ). 

(1 4c) (2R)-2-t-Butoxycarbonylamino-2-ethyl-1 -n-hexanoyloxy-4-(furan-2-yl)-3-butene 

[0542] To a suspension of (furan-2-yl)methyl triphenylphosphonium bromide (4.04 g, 9.54 mmol) obtained in Refer- 

40 ence example 1 in tetrahydrofuran (32.4 ml) was added potassium t-butoxide (1 .06 g, 9.45 mmol) with stirring under 
ice-cooling, and the resulting mixture was furthermore stirred under ice-cooling for 15 minutes. After stirring, to the 
reaction mixture was added a solution of (2S)-2-t-butoxycarbonylamino-2-ethyl-3-n-hexanoyloxy-1 -propanal (2.01 g, 
6.37 mmol) obtained in Reference example (14b) in tetrahydrofuran (10 ml) with stirring under ice-cooling over a 
5-minute interval, and the resulting mixture was furthermore stirred under ice-cooling for 30 minutes. After stirring, 

45 saturated aqueous ammonium chloride solution was added to the reaction mixture to quench the reaction, and the 
reaction temperature was raised to room temperature. After evaporation of the reaction mixture in vacuo, ethyl acetate 
and water were added to the residue, and the resulting mixture was extracted with ethyl acetate. The extract was 
washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the 
solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed 

50 solvent of hexane and ethyl acetate (5:1) as the eluent to afford the title compound (2.385 g, yield: 99 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.44 (br d, 1 H, J = 1 .5 Hz), 7.33 (br d, 1 H, J = 1 .5 Hz), 6.41 (dd, 1 H, J = 2.9 
Hz, 1 .5 Hz), 6.38 (d, 1 H, J = 2.9 Hz), 6.36 (dd, 1 H, J = 2.9 Hz, 1 .5 Hz), 6.29 (d, 1 H, J = 1 6.8 Hz), 6.28 (d, 1 H, J = 1 2.5 
Hz), 6.22 (d, 1 H, J = 2.9 Hz), 6.09 (d, 1 H, J = 1 6.8 Hz), 5.47 (d, 1 H, J = 1 2.5 Hz), 5.21 (br s, 1 H), 4.66 (br s, 1 H), 4.50 
(d, 1 H, J = 1 1 .7 Hz), 4.41 (d, 1 H, J = 1 1 .7 Hz), 4.33 (br s, 2H), 2.31 (q, total 4H, J = 7.7 Hz), 2.08-1 .88 (m, total 4H), 

55 1.47-1.42 (m, total 10H), 1.32-1.26 (m, total 18H), 0.93-0.86 (m, total 12H). 

IR spectrum v max cm' 1 (CHCI 3 ) : 3446, 2970, 2933, 2873, 1722, 1494, 1459, 1391, 1380, 1368, 1249, 1163. 
Mass spectrum (FAB + ) m/z : 402((M+Na) + ), 379(M + ). 
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(Reference example 15) 

(4R)-4-Ethyl-4-[2-(furan-2-yl)ethenyl]-1,3-oxazolidin-2-one 

5 [0543] To a solution of (2R)-2-t-butoxycarbonylamino-2-ethyl-1 -n-hexanoyloxy-4-(furan-2-yl)-3-butene (2.33 g, 6.14 
mmol) obtained in Reference example 14 in a mixed solvent of tetrahydrofuran (7 ml) and methanol (7 ml) was added 
1 .8N aqueous sodium hydroxide solution (7 ml), and the resulting mixture was stirred at room temperature for 3 hours. 
After stirring, water and ethyl acetate were added to the reaction mixture, and the resulting mixture was extracted with 
ethyl acetate. The extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous 

10 sodium sulfate. After filtration, the solvent was removed in vacuo to afford the crude product (1 .68 g, yield: 97%). 
[0544] Subsequently, to a solution of the crude product obtained above in tetrahydrofuran (30 ml) was added potas- 
sium t-butoxide (1 .21 g, 10.8 mmol) with stirring, and the resulting mixture was stirred at the same temperature for 3 
hours. After stirring, water and ethyl acetate were added to the reaction mixture, and the resulting mixture was extracted 
with ethyl acetate. The extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous 

15 sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on 
a silica gel column using a mixed solvent of hexane and ethyl acetate (3:1 - 1 : 1 ) as the eluent to afford the title compound 
(1 .24 g, quantitative yield). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.43 (d, 1 H, J = 1 .5 Hz), 7.32 (d, 1 H, J = 1 .5 Hz), 6.45 (dd, 1 H, J = 3.7 Hz, 1 .5 
Hz), 6.44 (d, 1 H, J = 1 6.1 Hz), 6.39 (dd, 1 H, J = 3.7 Hz, 1 .5 Hz), 6.37 (d, 1 H, J = 3.7 Hz), 6.29 (d, 1 H, J = 3.7 Hz), 6.25 
20 (d, 1 H, J = 12.5 Hz), 6.13 (d, 1 H, J = 16.1 Hz), 5.62 (br s, total 2H), 5.53 (d, 1 H, J = 12.5 Hz), 4.44 (d, 1 H, J = 8.8 Hz), 
4.36 (d, 1 H, J = 8.8 Hz), 4.24 (d, 1 H, J = 8.8 Hz), 4.22 (d, 1 H, J = 8.8 Hz), 1 .93 (q, 2H, J = 7.3 Hz), 1 .85-1 .76 (m, 2H), 
0.99 (t, 3H, J = 7.3 Hz), 0.98 (t, 1 H, J = 7.3 Hz). 

IR spectrum v max cm* 1 (CDCI 3 ) : 3453, 2975, 1757, 1396, 1373, 1053, 1015. 
Mass spectrum (EI+) m/z : 207(M + ), 178(base), 135, 107. 

25 

(Reference example 16) 

(4R)-4-Ethyl-4-[2-(furan-2-yl)ethyl]-1,3-oxazolidin-2-one 

30 [0545] To a solution of (4R)-4-ethyl-4-[2-(furan-2-yl)ethenyl]-1 ,3-oxazolidin-2-one (1.24 g, 5.99 mmo!) obtained in 
Reference example 15 in methanol (40 ml) was added 10% palladium-charcoal (50% wet with water) (124 mg), and 
the resulting mixture was stirred at room temperature under a hydrogen atmosphere for 2 hours. After stirring, the 
internal atmosphere was replaced with nitrogen, and the palladium-charcoal in the reaction mixture was filtered off 
using celite, which was washed with ethyl acetate. The filtrate and the washings were combined and concentrated to 

35 dryness in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of 
hexane and ethyl acetate (1 :1 - 1 :2) as the eluent to afford the title compound (144.4 mg, yield: 12 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.32 (br d, 1 H, J = 2.2 Hz), 6.29 (t, 1 H, J = 2.2 Hz), 6.03 (br d, 1 H, J = 2.2 Hz), 
5.40 (m, 1H), 4.11 (d, 1H, J = 8.8 Hz), 4.07 (d, 1H, J = 8.8 Hz), 2.74-2.67 (m, 2H), 1.97-1.93 (m, 2H), 1,72-1.64 (m, 
2H), 0.96 (t, 3H, J = 7.3 Hz). 

40 jR spectrum v max cm- 1 (CDCI 3 ) : 3453, 2973, 229, 1757, 1601, 1397, 1380, 1052. 
Mass spectrum (EI+) m/z : 209(M + ), 178, 114, 81 (base). 

(Reference example 17) 

45 (2R)-1-Acetoxy-2-acetylamino-2-ethyl-4-(furan-2-yl)butane 

[0546] To a solution of (4R)-4-ethyl-4-[2-(furan-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained in Reference example 16 
in a mixed solvent of tetrahydrofuran (2 ml), methanol (2 ml) and water (2 ml) was added potassium hydroxide (310 
mg), and the resulting mixture was ref luxed for 3 days. After cooling, water was added to the reaction mixture, and the 
so resulting mixture was extracted with dichloromethane. The extract was dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of dichloromethane and methanol (1:0 - 50:1) as the eluent to afford (2R)-2-amino-2-ethyl- 
4-(furan-2-yl)butan-1-ol (104.9 mg, yield: 83 %). 

[0547] Subsequently, to a solution of (2R)-2-amino-2-ethyl-4-(furan-2-yl)butan-1 -ol obtained above in dichlorometh- 
55 ane (2.0 ml) were added successively triethylamine (0.64 ml, 4.59 mmol), acetic anhydride (0.32 ml, 3.39 mmol) and 
4-dimethylaminopyridine (28 mg, 0.23 mmol), and the resulting mixture was stirred at room temperature for 2.5 hours. 
After stirring, methanol was added to the reaction mixture to quench the reaction, and the reaction mixture was evap- 
orated in vacuo. Ethyl acetate and water were added to the residue obtained, and the resulting mixture was extracted 
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with ethyl acetate. The extract was washed successively with water and saturated aqueous sodium chloride solution 
and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was 
purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (1 :4) as the eluent 
to afford the title compound (146.5 mg, yield: 96 %). 
5 1H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.29 (d, 1 H, J = 2.2 Hz), 6.28 (dd, 1 H, J = 2.9 Hz, 2.2 Hz), 6.00 (d, 1 H, J = 2.9 
Hz), 5.24 (brs, 1H),4.30 (d, 1H, J = 11.7 Hz), 4.28 (d, 1H, J = 11.7 Hz), 2.62 (t, 2H, J = 8.1 Hz), 2.21-2.13 (m, 1H), 
2.08 (s, 3H), 2.08-1 .99 (m, 1 H), 1 .94 (s, 3H), 1 .86-1 .72 (m, 2H), 0.87 (t, 3H, J = 7.3 Hz). 
IR spectrum v max cm' 1 (CDCI 3 ) : 3442, 2975, 1739, 1680, 1600, 1510, 1462, 1383, 1368, 1248, 1043. 
Mass spectrum (FAB+) m/z : 290((M+Na) + ), 268((M+H)+). 

10 

(Reference example 18) 

(2R)-1-Acetoxy-2-acetylamino-2-ethyl-4-(5-iodofuran-2-yl)butane 

15 [0548] To a solution of (2R)-1-acetoxy-2-acetylamino-2-ethyl-4-(furan-2-yl)butane obtained in Reference example 
1 7 in chloroform (5.4 ml) were added successively pyridine (0.22 ml, 2.73 mmol) and iodine (278 mg, 1.10 mmol), and 
the resulting mixture was stirred at 60°C for 8 hours. After cooling, 10% aqueous sodium thiosulfate solution was added 
to the reaction mixture to quench the reaction, and the reaction mixture was extracted with ethyl acetate. The extract 
was washed successively with saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium 

20 chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the 
residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (1 : 
4 - 1 :6) as the eluent to afford the crude product (151 mg). The crude product obtained was furthermore purified using 
a preparative reversed phase HPLC column [TSK-GEL ODS-80 Ts (2.0 cm x 25 cm), TOSO, mobile phase: acetonitrile/ 
water (60 : 40)] to afford the title compound (74.0 mg, yield: 35 %). 

25 1H-NMR spectrum (CDCI 3 , 400MHz) 8 : 6.42 (d, 1 H, J = 3.7 Hz), 5.95 (d, 1 H, J = 3.7 Hz), 5.23 (m, 1 H), 4.27 (s, 2H), 
2.64 (t, 2H, J = 8.4 Hz), 2.18-2.12 (m, 1H), 2.09 (s, 3H), 2.05-1.97 (m, 1H), 1.95 (s, 3H), 1.81-1.76 (m, 2H), 0.87 (t, 
3H, J = 7.3 Hz). IR spectrum v max cm' 1 (CDCI 3 ) : 3442, 2976, 1740, 1681, 1598, 1511, 1462, 1383, 1368, 1246, 1105, 
1043. 

Mass spectrum (FAB + ) m/z : 416((M+Na) + ), 394((M+H) + ). 

30 

(Reference example 19) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane 

35 (19a) (2R)-2-Amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate 

[0549] To a solution of (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (1 7.92 g, 86.0 mmol) ob- 
tained in Reference example 11 in a mixed solvent of tetrahydrofuran (250 ml) and methanol (125 ml) was added 5N 
aqueous potassium hydroxide solution (125 ml) , and the resulting mixture was refluxedfor4days. After cooling, water 
40 was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The extract was 
dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo. 

[0550] Subsequently, to a solution of the residue obtained in ethanol (260 ml) was added D-(-)-tartrate (6.45 g, 43.0 
mmol), and the resulting mixture was stirred for 2 hours. The crystals precipitated were collected by filtration to afford 
the crude product (20.67 g). The crude product (1 8.65 g) was recrystallized repeatedly three times, firstly from a mixture 
45 of ethanol (370 ml) and water (37 ml), secondly from a mixture of ethanol (300 ml) and water (30 ml), and finally from 
a mixture of ethanol (240 ml) and water (24 ml), to afford the title compound (10.50 g, yield: 53 %) as colorless flake 
crystals. 

[0551] Subsequently, to a suspension of (2R)-2-amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate 
(41.4 mg, 0.16 mmol) obtained above in dichloromethane (1.6 ml) was added successively di-t-butyl dicarbonate 

so (0.1758 g, 0.81 mmol), triethylamine (0.225 ml, 1.62 mmol) and 4-dimethylaminopyridine (2.0 mg, 0.016 mmol) with 
stirring, and the resulting mixture was stirred at room temperature for 30 minutes. After stirring, water was added to 
the reaction mixture, and the resulting mixture was evaporated in vacuo. The residue obtained was purified by chro- 
matography on a silica gel column using a mixed solvent of hexane and ethyl acetate (3:2 - 2: 1 ) as the eluent to afford 
(4R)-4-methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one (17.7 mg, yield: 53 %). 

55 [0552] Furthermore, the (4R)-4-methyl-4-[2-(1 -methylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained above was an- 
alyzed with a H PLC column for separating optical isomers [ChiralCelOJ (0.46 cm x 25 cm), Daicel Chemical Industries, 
Ltd., mobile phase: n-hexane/2-propanol (70/30), flow rate: 1 .0 ml/min] in a similar manner to that mentioned in Ref- 
erence example 11 , and its optical purity was determined. 
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[0553] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 1 2.49 
min) was the 4S-isomer, and the compound eluted afterward (retention time: 15.48 min) was the 4R-isomer, and that 
the optical purity of this product was 99.7% ee. 

[0554] According to the results obtained above, the optical purity of the (2R)-2-amino-2-methyl-4-(1-methylpyrrol- 
5 2-yl)butan-1 -ol 1/2 D-(-)tartrate synthesized was confirmed to be more than 99.7%. 
Melting point: 198- 199 °C, 
Angle of rotation : [a] D = + (c=1 .00, H 2 0), 

1 H-NMR spectrum (CD 3 OD, 400MHz) 5 : 6.54 (t, 1H, J = 2.3 Hz), 5.91 (dd, 1H, J = 3.7 Hz, 2.3 Hz), 5.82 (br d, 1H, J 
= 3.7 Hz), 4.32 (s, 1H),3.61 (d, 1 H, J = 11 .3 Hz), 3.55 (s, 3H), 3.54 (d, 1 H, J = 11 .3 Hz), 2.69-2.57 (m,2H), 1.97 (ddd, 
10 1 H, J = 1 3.8 Hz, 9.4 Hz, 7.6 Hz), 1 .88 (ddd, 1 H, J = 13.8 Hz, 11 .0 Hz, 6.3 Hz), 1 .28 (s, 3H). 

IR spectrum v max crrr 1 (KBr) : 3480, 3430, 2926,2634, 2545, 1586, 1516, 1389, 1359, 1309, 1291, 1105, 1039, 710, 
690. 

Mass spectrum (FAB + ) m/z : 1 83((M+H) + ; as the free form of the title compound), 



Elemental analysis (% as C 10 H 18 N 2 O-1/2C 4 H 6 O 6 ) 


Calculated 
Found 


C; 56.01, H;8.23, N; 10.89 
C; 55.81, H;8.22, N; 10.89. 



20 (1 9b) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-(1 -methylpyrrol-2-yl)butane 

[0555] To a suspension of (2R)-2-amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate (3.98 g, 15.5 
mmol) obtained in Reference example (19a) in a mixed solvent of dichloromethane (50 ml) and water (12.5 ml) was 
added aqueous sodium hydroxide solution [prepared by dissolving sodium hydroxide (97% pure) (3.20 g) in water 
25 (12.5 ml)], and the resulting mixture was stirred at room temperature for 20 minutes. After stirring, the reaction mixture 
was extracted with dichloromethane. The extract was dried over anhydrous sodium sulfate, filtered and evaporated in 
vacuo. 

[0556] Subsequently, to the solution of the residue obtained in dichloromethane (78 ml) were added successively 
triethylamine (21 .5 ml, 1 54.7 mmol), acetic anhydride (7.3 ml, 77.4 mmol) and 4-dimethylaminopyridine (0.1 893 g, 1 .55 

30 mmol), and the resulting mixture was stirred at room temperature for 1 hour. After stirring, methanol was added to the 
reaction mixture to quench the reaction, and the reaction mixture was evaporated in vacuo. Ethyl acetate and water 
were added to the residue obtained, and the resulting mixture was extracted with ethyl acetate. The extract was washed 
successively with water, saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium chlo- 
ride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the 

35 residue was purified by chromatography on a silica gel column using ethyl acetate as the eluent to afford the title 
compound (4.23 g, quantitative yield). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 6.54(t, 1 H, J = 2.4 Hz), 6.04 (t, 1 H, J = 2.4 Hz), 5.88 (d, 1 H, J = 2.4 Hz), 5.39 
(br s, 1H), 4.33 (d, 1H, J = 11.2 Hz), 4.20 (d, 1H, J = 11.2 Hz), 2.60-2.51 (m, 2H), 2.26-2.19 (m, 1H), 2.09 (s, 3H), 
1.97-1.89 (m, 4H), 1.38 (s, 3H). 
40 Mass spectrum (FAB + ) m/z : 267((M+H) + ), 266(M + ). 

(Reference example 20) 

(1-Ethylpyrrol-2-yl)methyl triphenylphosphonium iodide 

45 

[0557] A mixture of 35% aqueous formaldehyde solution (9 ml, 1 05 mmol) and dimethylamine hydrochloride (9.0 g, 
110 mmol) was added to 1-ethylpyrrole (10.0 g, 105 mmol) with stirring under ice-cooling over a 90-minute interval, 
and then the resulting mixture was stirred at room temperature for 6 hours. After stirring, 10% aqueous sodium hy- 
droxide solution (150 ml) was added to the reaction mixture, and the resulting mixture was extracted with ether. The 
so extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of dichloromethane and methanol (9:1) as the eluent to afford 2-(N,N-dimethylaminomethyl)- 
1-ethylpyrrole (15.6 g, yield: 97%). 

[0558] Subsequently, to a solution of 2-(N,N-dimethylaminomethyl)-1 -ethylpyrrole (15.6 g, 1 02 mmol) obtained above 
55 in ethanol (150 ml) was added methyl iodide (7.7 ml, 124 mmol) with stirring under ice-cooling, and then the resulting 
mixture was stirred at room temperature for 3 hours. After stirring, ethyl acetate (150 ml) was added to the reaction 
mixture. The crystals precipitated were collected by filtration, washed with ethyl acetate and dried to afford (1 -ethyl- 
pyrrol-2-yl)methyl trimethylammonium iodide (20 g, yield: 66%). 



EP 1 471 054 A1 



[0559] Subsequently, to a suspension of (1 -ethylpyrrol-2-yl)methyl trimethylammonium iodide (20 g, 68.0 mmol) ob- 
tained above in acetonitrile (200 ml) was added triphenylphosphine (22.0 g, 83.9 mmol), and the resulting mixture was 
stirred at 80°C for 9 hours. After cooling, the reaction mixture was concentrated to about one-half of its initial volume, 
to which was added ethyl acetate (100 ml). The crystals precipitated were collected by filtration, washed with ethyl 
acetate and dried in vacuo to afford the title compound (27.5 g, yield: 81 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.94-7.89 (m, 3H), 7.78-7.71 (m, 6H), 7.64-7.57 (m, 6H), 6.82-6.79 (m, 1H), 
5.96-5.92 (m, 1H), 5.51-5.47 (m, 1H), 5.10 (d, 2H, J = 13.9Hz), 3.35 (q, 2H, J = 7.3 Hz), 0.96 (t, 3H, J = 7.3 Hz). 

(Reference example 21) 

(2R)-2-t-Butoxycarbonylamino-2-methyl-4-{1-ethylpyrrol-2-yl)-1-n-hexanoyloxy-3-butene 

[0560] To a suspension of (1-ethylpyrrol-2-yl)methyl triphenylphosphonium iodide (19.8 g, 39.8 mmol) obtained in 
Reference example 20 in tetrahydrofuran (1 00 ml) was added a solution of potassium t-butoxide (4.47 g, 39.8 mmol) 
in tetrahydrofuran (70 ml) with stirring under ice-cooling over a 30-minute interval, and the resulting mixture was stirred 
under ice-cooling for 1 .5 hours. 

[0561] Subsequently, to the reaction mixture was added a solution of (2S)-2-t-butoxycarbonylamino-3-n-hexanoy- 
loxy-2-methyl-1-propanal (10 g, 33.2 mmol) obtained in Reference example (2b) in tetrahydrofuran (50 ml) with stirring 
under ice-cooling over a 30-minute interval, and the resulting mixture was stirred under ice-cooling for 1 .5 hours. After 
stirring, saturated aqueous ammonium chloride solution was added to the reaction mixture to quench the reaction, and 
then the reaction temperature was raised to room temperature. After evaporation of the reaction mixture in vacuo, 
water and ethyl acetate were added to the residue, and then the resulting mixture was extracted with ethyl acetate. 
The extract was washed successively with water and saturated aqueous sodium chloride solution and dried over an- 
hydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by chromatog- 
raphy on a silica gel column using a mixed solvent of hexane and ethyl acetate (4:1) as the eluent to afford the title 
compound (11.7 g, yield: 90 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 6.67-6.62 (m, 2H), 6.42-6.36 (m, 1H,), 6.31-6.26 (m, 3H), 6.13-6.08 (m, 2H), 
6.02-5.96 (m, 1H), 5.63-5.58 (m, 1H), 4.35-4.08 (m, 4H), 3.96-3.86 (m, 4H), 2.85-2.81 (m, 4H), 1.67-1.58 (m, 4H), 
1 .48-1 .24 (m, 38H), 0.93-0.86 (m, 6H). 

(Reference example 22) 

(4R)-4-Methyl-4-[2-(1-ethylpyrrol-2-yl)ethenyl)-1,3-oxazolidin-2-one 

[0562] To a solution of (2R)-2-t-butoxycarbonylamino-2-methyl-4-(1-ethylpyrrol-2-yl)-1-n-hexanoyloxy-3-butene 
(1 1 .7 g, 29.8 mmol) obtained in Reference example 21 in a mixed solvent of tetrahydrofuran (40 ml) and methanol (40 
ml) was added 2N aqueous sodium hydroxide solution (40 ml), and the resulting mixture was stirred at room temperature 
for 1 .5 hours. After stirring, acetic acid (1 .5 ml) was added to the reaction mixture to quench the reaction, and then the 
reaction mixture was poured into water and extracted with ethyl acetate. The extract was washed successively with 
water and saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the 
solvent was removed in vacuo to afford the crude product (8.7 g). 

[0563] Subsequently, to a solution of the crude product obtained above in tetrahydrofuran (100 ml) was added a 
solution of potassium t-butoxide (4.0 g, 35.6 mmol) in tetrahydrofuran (30 ml) with stirring under ice-cooling over a 
1 0-minute interval, and the resulting mixture was stirred at the same temperature for 1 hour. After stirring, the reaction 
mixture was neutralized with acetic acid (2 ml) and concentrated in vacuo. Water and ethyl acetate were added to the 
residue, and the resulting mixture was extracted with ethyl acetate. The extract was washed with saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl 
acetate (3:2) as the eluent to afford the title compound (5.7 g, yield: 86 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.73-6.65 (m, 2H), 6.52-6.46 (m, 1H,), 6.36-6.29 (m, 2H), 6.15-6.10 (m, 2H), 
6.05-5.97 (m, 2H), 5.69-5.65 (m, 2H), 4.31 -4.09 (m, 4H), 3.97-3.83 (m, 4H), 1 .60-1 .53 (m, 6H), 1 .39-1 .31 (m, 6H). 

(Reference example 23) 

(4R)-4-Methyl-4-[2-(1-ethylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one 

[0564] To a suspension of 10% palladium-charcoal (50% wet with water) (500 mg) in ethanol (10 ml) was added a 
solution of (4R)-4-methyl-4-[2-(1-ethylpyrrol-2-yl)ethenyl]-1,3-oxazolidin-2-one (5.7 g, 25.9 mmol) obtained in Refer- 
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ence example 22 in ethanol (50 ml), and the resulting mixture was stirred at room temperature under a hydrogen 
atmosphere for 1 hour. After stirring, the palladium-charcoal in the reaction mixture was filtered off using celite, and 
the filtrate was evaporated in vacuo. The residue obtained was purified by chromatography on a silica gel column using 
a mixed solvent of hexane and ethyl acetate (3:7) as the eluent to afford the title compound (5.0 g, yield: 87 %). 

5 [0565] Furthermore, the (4R)-4-methyl-4-[2-(1 -ethylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained above was ana- 
lyzed with a HPLC column for separating optical isomers [ChiralPakOJ (0.46 cm x 25 cm), Daicel Chemical Industries, 
Ltd., mobile phase: n-hexane/2-propanol (70/30), flow rate: 1 .0 ml/min], and its optical purity was determined. 
[0566] From the results of the HPLC analysis, it was confirmed that the compound eluted first (retention time: 7.5 
min) was the 4S-isomer, and the compound eluted afterward (retention time: 8.3 min) was the 4R-isomer, and that the 

10 optical purity of the product synthesized was 83.7% ee. 

1 H-NMR spectrum (CDCI 3) 400MHz) 5 : 6.66-6.63 (m, 1H), 6.10-6.07 (m, 1H), 5.89-5.86 (m, 1H), 5.00 (brs, 1H), 4.15 
(d, 1H, J = 8.1 Hz), 4.08 (d, 1H, J = 8.1 Hz), 3.84 (q, 2H, J = 7.3 Hz), 2.67-2.61 (m, 2H), 1.99-1.92 (m, 2H), 1.43 (s, 
3H), 1.87 (t, 3H, J = 7.3 Hz). 

15 ( Reference example 24) 

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(1-ethylpyrrol-2-yl)butane 

(24a) (2R)-2-Amino-2-methyl-4-(1-ethylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate 

20 

[0567] To a solution of (4R)-4-methyl-4-[2-(1 -ethylpyrrol-2-yl)ethyl)-1 ,3-oxazolidin-2-one (4.9 g, 22.0 mmol) obtained 
in Reference example 23 in a mixed solvent of tetrahydrofuran (80 ml) and methanol (40 ml) was added 5.5N aqueous 
potassium hydroxide solution (40 ml), and the resulting mixture was refluxedfor4 days. Aftercooling, water was addded 
to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The extract was dried over 

25 anhydrous sodium sulfate, and after filtration, the solvent was removed in vacuo. 

[0568] Subsequently, to a solution of the residue obtained in ethanol (200 ml) was added a solution of D-(-)-tartrate 
(1 .59 g, 10.5 mmol) in ethanol (20 ml) with stirring, and then the resulting mixture was allowed to stand at room tem- 
perature for 4 hours. The crude crystals precipitated were collected by filtration and recrystallized from a mixed solvent 
of ethanol (1 00 ml) and water (1 0 ml). The crystals obtained were recrystallized again from a mixed solvent of ethanol 

30 (50 ml) and water (5 ml) to afford the title compound (2.8 g, yield: 37 %) as colorless plate crystals. 

[0569] Subsequently, to a suspension of (2R)-2-amino-2-methyl-4-(1-ethylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate 
(55.5 mg, 0.1 6 mmol) in dichloromethane (1 .6 ml) were added successively di-t-butyl dicarbonate (0.1 7 g, 0.78 mmol), 
triethylamine (0.22 ml, 1 .58 mmol) and 4-dimethylaminopyridine (3.0 mg, 0.025 mmol) with stirring, and the resulting 
mixture was stirred at room temperature for 20 minutes. After stirring, water was added to the reaction mixture, and 

35 the resulting mixture was concentrated in vacuo. The residue obtained was purified by chromatography on a silica gel 
column using a mixed solvent of hexane and ethyl acetate (1 : 1 ) as the eluent to afford (4R)-4-methyl-4-[2-(1 -ethylpyr- 
rol-2-yl)ethyl]-1 ,3-oxazolidin-2-one (18.0 mg, yield: 58 %). 

[0570] Furthermore, the (4R)-4-methyl-4-[2-(1 -ethylpyrrol-2-yl)ethyl]-1 ,3-oxazolidin-2-one obtained above was ana- 
lyzed with a HPLC column for separating optical isomers [ChiralPakOJ (0.46 cm x 25 cm), Daicel Chemical Industries, 
40 Ltd., mobile phase: n-hexane/2-propanol (70/30), flow rate: 1 .0 ml/min], and its optical purity was confirmed to be 99.9 
%ee. 

[0571] From the results obtained above, the optical purity of (2R)-2-methyl-2-amino-4-(1 -ethylpyrrol-2-yl)butan-1 -ol 
1/2 D-(-)tartrate synthesized was confirmed to be more than 99.9%. 

1 H-NMR spectrum (DMSO-d 6 , 400MHz) 5 : 6.58-6.54 (m, 1 H), 5.93-5.89 (m, 1 H), 5.79-5.76 (m, 1 H), 4.27 (s, 1 H), 3.85 
45 (q,2H, J = 7.3 Hz), 3.68 (d, 1 H, J = 11 .7 Hz), 3.51 (d, 1H, J = 11 .7 Hz), 2.62-2.56 (m, 2H), 1 .99-1 .82 (m, 2H), 1.29(t, 
3H, J = 7.3 Hz), 1.27 (s, 3H). 

(24b) (2R)-1 -Acetoxy-2-acetylamino-2-methyl-4-(1 -ethylpyrrol-2-yl)butane 

so [0572] To a solution of (2R)-2-amino-2-methyl-4-(1-ethylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate (2.7 g, 7.80 mmol) 
obtained in Reference example (24a) in dichloromethane (30 ml) were added successively triethylamine (1 7.0 ml, 1 22 
mmol), acetic anhydride (7.6 ml, 80.4 mmol) and 4-dimethylaminopyridine (20 mg, 0.16 mmol), and the resulting mixture 
was stirred at room temperature for 3.5 hours. After stirring, water was added to the reaction mixture, and the resulting 
mixture was extracted with dichloromethane. The extract was washed successively with water and saturated aqueous 

55 sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a silica gel column using ethyl acetate as the eluent to afford the 
title compound (2.2 g, yield: 96 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 6.62-6.59 (m, 1H), 6.09-6.06 (m, 1H), 5.89-5.87 (m, 1H), 5.41 (brs, 1H), 4.34 
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(d, 1H, J= 11.0 Hz), 4.21 (d, 1H, J= 11.0 Hz), 3.85 (q, 2H, J = 7.3 Hz), 2.60-2.51 (m, 2H), 2.26-2.18 (m, 1H), 2.08 (s, 
3H), 1 .98-1 .93 (m, 1 H), 1 .92(s, 3H), 1 .38 (s, 3H) , 1 .37 (t, 3H, J = 7.3 Hz). 

(Reference example 25) 

5 

(1 -t-Butoxycarbonylpyrrol-2-yl)methyl triphenylphosphonium iodide 

[0573] A mixture of 35% aqueous formaldehyde solution (3.2 mi, 40.7 mmol) and dimethylamine hydrochloride (3.44 
g, 42.4 mmol) was added to pyrrole (2.72 g, 40.47 mmol) at room temperature with stirring over a 20-minute interval, 

10 and the resulting mixture was stirred at room temperature for 2 hours. After stirring, 1 0% aqueous sodium hydroxide 
solution (1 8 ml) was added to the reaction mixture, and the reaction mixture was extracted with dichloromethane. The 
extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 
filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of dichloromethane and methanol (10:1) as the eluent to afford 2-(N,N-dimethylaminomethyl) 

15 pyrrole (4.55 g, quantitative yield). 

[0574] Subsequently, to a solution of 2-(N,N-dimethylaminomethyl)pyrrole (4.54 g, 40.41 mmol) obtained above in 
ethanol (40 ml) was added methyl iodide (3.05 ml, 49.0 mmol) with stirring under ice-cooling, and then the resulting 
mixture was stirred at room temperature for 7 hours. After stirring, ethyl acetate was added to the reaction mixture, 
and then the crystals precipitated were collected by filtration and washed with ethyl acetate and dried to afford (pyrrol- 

20 2-yl)methyl trimethylammonium iodide (7.59 g, yield: 71%). 

[0575] Subsequently, to a suspension of (pyrrol-2-yl)methyl trimethylammonium iodide (7.59 g, 28.52 mmol) obtained 
above in acetonitrile (60 ml) was added triphenylphosphine (8.98 g, 34.2 mmol) with stirring, and the resulting mixture 
was stirred at 80°C for 6 hours. After cooling, the reaction mixture was concentrated to about one-half of its initial 
volume, to which was added ethyl acetate (100 ml). The crystals precipitated were collected by filtration, washed with 

25 ethyl acetate and dried in vacuo to afford (pyrrol-2-yl)methyl trimethylphosphonium iodide (12.33 g, yield: 92 %). 

[0576] Subsequently, to a suspension of (pyrrol-2-yl)methyl trimethylphosphonium iodide (12.30 g, 26.21 mmol) ob- 
tained above in acetonitrile (1 1 5 ml) were added successively di-t-butyl dicarbonate (7.61 g, 34.87 mmol) and 4-dimeth- 
ylaminopyridine (0.16 g, 1.31 mmol) with stirring, and the resulting mixture was stirred at room temperature for 24 
hours. After evaporation of the reaction mixture in vacuo, ethyl acetate (50 ml) and dichloromethane (4 ml) were added 

30 to the residue with stirring, and then the crystals precipitated were collected by filtration, washed with ethyl acetate 
and dried in vacuo to afford the title compound (14.02 g, yield: 94 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.82-7.78 (m, 3H), 7.68-7.58 (m, 12H), 7.09-7.07 (m, 1 H), 6.42-6.39 (m, 1 H), 
6.11 (t, 1H, J = 3.7Hz), 5.68 (d, 2H, J = 13.2 Hz), 1.29 (s, 3H). 

35 (Reference example 26) 

(2R)-2-t-Butoxycarbonylamino-2-methyl-4-(1-t-butoxycarbony!pyrrol-2-yl)-1-n-hexanoyloxy-3-butene 

[0577] To a suspension of (1-t-butoxycarbonylpyrrol-2-yl)methyl triphenylphosphonium iodide (3.30 g, 5.80 mmol) 
40 obtained in Reference example 25 in tetrahydrofuran (60 ml) was added a solution of potassium t-butoxide (0.65 g, 
5,8 mmol) in tetrahydrofuran (5.8 ml) with stirring under ice-cooling, and the resulting mixture was stirred under ice- 
cooling for 15 minutes. 

[0578] Subsequently, to the reaction mixture was added a solution of (2S)-2-t-butoxycaroonylamino-3-n-hexanoy- 
loxy-2-methyl-1 -propanal (1 .46 g, 4.83 mmol) obtained in Reference example (2b) in tetrahydrofuran (3 ml) with stirring 

45 under ice-cooling, and the resulting mixture was stirred under ice-cooling for 1 hour. After stirring, saturated aqueous 
ammonium chloride solution was added to the reaction mixture to quench the reaction, and then the reaction temper- 
ature was raised to room temperature. To the reaction mixture were added successively water and ethyl acetate, and 
the resulting mixture was extracted with ethyl acetate. The extract was washed with saturated aqueous sodium chloride 
solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue 

50 was purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (5:1) as the 
eluent to afford the title compound (2.12 g, yield: 94 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.25-7.20 (m, total 2H), 7.11 (d, 1H, J = 16.1 Hz), 6.61 (d, 1H, J = 12.5 Hz), 
6.39-6.24 (m, total 2H), 6.1 8-6.08 (m, total 2H), 6.08 (d, 1 H, J = 1 6.1 Hz), 5.64 (d, 1 H, J = 1 2.5 Hz), 4.92-4.75 (m, total 
2H), 4.34-4.23 (m, total 2H), 4.22-4.16 (m, total 2H), 2.38-2.29 (m, total 4H), 1.69-1.20 (m, total 54H), 0.94-0.82 (m, 
55 total 6H). 

IR spectrum v max cm" 1 (CHCI 3 ) : 3445, 2981, 2934, 1734, 1495, 1457, 1393, 1370, 1333, 1252, 1163, 1123, 1066. 
Mass spectrum (FAB + ) m/z : 465((M+H) + ). 



EP 1 471 054 A1 

(Reference example 27) 

(4R)-4-Methyl-4-[2-(pyrrol-2-yl)ethenyl)-1,3-oxa2olidin-2-one 

5 [0579] To a solution of (2R)-2-t-butoxycarbonylamino-2-methyl-4-(1-t-buto^ 

3-butene (1.78 g, 3.82 mmol) obtained in Reference example 26 in a mixed solvent of tetrahydrofuran (20 ml) and 
methanol (20 ml) was added 1 N aqueous sodium hydroxide solution (20 ml), and the resulting mixture was stirred at 
room temperature for 1 hour. After stirring, water was added to the reaction mixture, and the resulting mixture was 
extracted with ethyl acetate. The extract was washed with saturated aqueous sodium chloride solution and dried over 

10 anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo to afford the crude product. 

[0580] Subsequently, to a solution of the crude product obtained above in tetrahydrofuran (60 ml) was added potas- 
sium t-butoxide (0.557 g, 4.96 mmol) with stirring, and the resulting mixture was stirred at room temperature for 1 hour. 
After stirring, water was added to the reaction mixture, and the resulting mixture was extracted with ethyl acetate. The 
extract was washed with saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After 

15 filtration, the solvent was removed in vacuo, and the residue was purified by chromatography on a silica gel column 
using a mixed solvent of ethyl acetate and hexane (2:1) as the eluentto afford the title compound (0.259 g, yield: 35 %). 
1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 8.69-8.22 (m, total 2H), 6.88-6.76 (m, total 2H), 6.48 (d, 1 H, J = 1 6.1 Hz), 6.34 
(d, 1H, J = 12.5 Hz), 6.39-6.1 8 (m, total 4H), 5.82 (d, 1H, J = 16.1 Hz), 5.47 (brs, 1H), 5.37 (d, 1H, J = 12.5 Hz), 5.16 
(br s, 1 H), 4.40 (d, total 2H, J = 8.8 Hz), 4.1 9 (d, total 2H, J = 8.8 Hz), 1 .59 (s, 3H), 1 .55 (s, 3H). 

20 |R spectrum v max cm" 1 (CHCI 3 ) : 3467, 2976, 2929, 1759, 1637, 1477, 1455, 1373, 1280, 1165, 1041 , 954, 909. 
Mass spectrum (FAB+) m/z : 192(M + ). 

(Reference example 28) 

25 (4R)-4-methyl-4-[2-(pyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one 

[0581] To a solution of (4R)-4-methyl-4-[2-(pyrrol-2-yl)ethenyl]-1 ,3-oxazolidin-2-one (0.259 g, 1 .35 mmol) obtained 
in Reference example 27 in methanol (6 ml) was added 10% palladium-charcoal (50% wet with water) (26 mg), and 
the resulting mixture was stirred at room temperature under a hydrogen atmosphere for 30 minutes. After stirring, the 
30 palladium-charcoal in the reaction mixture was filtered off using celite. After evaporation of the filtrate in vacuo, the 
residue was purified by chromatography on a silica gel column using a mixed solvent of ethyl acetate and hexane (2: 
1) as the eluent to afford the title compound (0.238 g, yield: 91 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 8.41-8.15 (m, 1H), 6.73-6.68 (m, 1H), 6.17-6.10 (m, 1H), 5.96-5.90 (m, 1H), 
5.75 (br s, 1 H), 4.1 2 (d, 1 H, J = 8.8 Hz), 4.05 (d, 1 H, J = 8.8 Hz), 2.76-2.61 (m 2H), 2.00-1 .83 (m, 2H), 1 .37 (s, 3H). 
35 I R spectrum v max cm- 1 (CHCI 3 ) : 3472, 2980, 2933, 1754, 1571, 1479, 1457, 1400, 1382, 1250, 1162, 1093, 1044,942. 
Mass spectrum (FAB + ) m/z : 194(M + ). 

(Reference example 29) 

40 5-(4-Fluorophenyl)penM-yne 

[0582] To a suspension of sodium hydride (2.11 g, 48.4 mmol) in dry tetrahydrofuran (60 ml) was added dropwise 
ethyl diethylphosphonoacetate (1 0.84 g, 48.4 mmol) with stirring under ice-cooling, and the resulting mixture was stirred 
for 10 minutes. 

45 [0583] Subsequently, to the reaction mixture was added dropwise a solution of 4-fluorobenzaldehyde (5.00 g, 40.3 
mmol) in dry tetrahydrofuran (60 ml) at the same temperature with stirring, and the resulting mixture was stirred for 3 
hours. After stirring, the reaction mixture was poured into ice-cold water (150 ml) with stirring and then extracted with 
ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate. After removal of the solvent in vacuo, 
the residue was purified by flash chromatography on a silica gel column using a mixed solvent of hexane and ethyl 

50 acetate (10:1 - 3:1) as the eluent to afford ethyl 4-fluorocinnamate (6.69 g, yield: 86 %) as a colorless oil. 

[0584] Furthermore, to a solution of the reaction product obtained above (6.52 g, 33.6 mmol) in ethyl acetate (1 00 
ml) was added 5% rhodium/alumina (1 .30 g), and the resulting mixture was stirred at room temperature under a hy- 
drogen atmosphere for 8 hours. After stirring, the reaction mixture was filtered using celite, and the filtrate was evap- 
orated in vacuo. 

55 [0585] Subsequently, to a suspension of lithium aluminum hydride (1 .26 g, 33.2 mmol) in dry tetrahydrofuran (60 ml) 
was added dropwise a solution of the residue obtained above in dry tetrahydrofuran (30 ml) with stirring under ice- 
cooling, and the resulting mixture was stirred at the same temperature for 30 minutes. After stirring, saturated aqueous 
sodium sulfate solution was added to the reaction mixture, and the resulting mixture was furthermore stirred at room 
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temperature for 10 minutes. After stirring, the reaction mixture was filtered using celite, and the filtrate was extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride solution and dried over 
anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by flash 
chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (5:1 - 1 :1) as the eluent to 
afford 3-(4-fluorophenyl)propan-1-ol (4.86 g, yield: 95 %) as a colorless oil. 

[0586] Subsequently, to a solution of 3-(4-fluorophenyi)propan-1-ol (4.83 g, 31.3 mmol) obtained above in dichlo- 
romethane (50 ml) were added successively triethylamine (6.55 ml, 47.0 mmol) and methanesulfonyl chloride (2.91 
ml, 37.6 mmol) with stirring under ice-cooling, and the resulting mixture was stirred under a nitrogen atmosphere for 
30 minutes. After stirring, the reaction mixture was diluted with dichloromethane (50 ml), washed successively with 
1 0% aqueous hydrochloric acid solution and saturated aqueous sodium chloride solution, both of which were ice-chilled 
previously, and dried over anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo. 
[0587] Subsequently, to a solution of the residue obtained in acetone (100 ml) was added sodium iodide (9.39 g, 
62.6 mmol), and the resulting mixture was stirred at 50°C under a nitrogen atmosphere for 2 hours. After stirring, the 
reaction mixture was diluted with ethyl acetate (250 ml), washed successively with 10% aqueous sodium thiosulfate 
solution and saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. Afterfiltration, 
the solvent was removed in vacuo, and the residue was purified by flash chromatography on a silica gel column using 
a mixed solvent of hexane and ethyl acetate (5:1 - 2:1) as the eluent to afford 3-(4-fluorophenyl)-1 -iodopropane (7.12 
g, yield: 86 %) as a pale yellow oil. 

[0588] Subsequently, sodium acetylide (1 8% slurry in xylene) (50 ml) was added to hexamethylphosphoramide (20 

ml) with stirring, and to the resulting mixture was furthermore added a solution of 4-fluorophenyl-1 -iodopropane (7.00 

g, 26.5 mmol) obtained above in dry dimethylformamide (20 ml) with stirring under ice-cooling, and then the resulting 

mixture was stirred at room temperature for 2 hours. After stirring, ice-cold water was added to the reaction mixture 

carefully with stirring under ice-cooling, and the resulting mixture was extracted with ethyl acetate. The organic layer 

was washed with saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. After 

filtration, the solvent was removed in vacuo, and the residue was purified by flash chromatography on a silica gel 

column using hexane as the eluent to afford the title compound (2.67 g, yield: 62 %) as a colorless oil. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.14 (m, 2H), 6.97 (m,2H), 2.71 (t, 2H, J = 7.5 Hz), 2.19 (m, 2H), 1 .99 (t, 1H, 

J=2.6 Hz), 1.82 (m,2H). 

Mass spectrum (El) m/z : 162(M + ). 

(Reference example 30) 

5-Phenylpent-1-yne 

[0589] The title compound was synthesized using 3-phenyl-1 -iodopropane and sodium acetylide by conducting the 
reactions similar to those mentioned in Reference example 29. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.32-7.26 (m, 2H), 7.23-7.16 (m,3H), 2.74 (t, 2H, J = 7.6 Hz), 2.21 (dt,2H, J = 
7.6 Hz, 2.8 Hz), 1 .99 (t, 1 H, J=2.8 Hz), 1 .89-1 .81 (m, 2H). 
Mass spectrum (El) m/z : 144(M + ). 

(Reference example 31) 

5-(4-Chlorophenyl)pent-1 -yne 

[0590] The title compound was synthesized using 3-(4-chlorophenyl)-1 -iodopropane and sodium acetylide by con- 
ducting the reactions similar to those mentioned in Reference example 29. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.26-7.23 (m, 2H), 7.13-7.11 (m, 2H), 2.71 (t, 2H, J = 7.3 Hz), 2.19 (dt, 2H, J 
= 7.3 Hz, 2.9 Hz), 1 .99 (t, 1 H, J = 2.9 Hz), 1 .85-1 .78 (m, 2H). 

(Reference example 32) 

5-(3-Trifluoromethylphenyl)pent-1-yne 

[0591] The title compound was synthesized using 3-(3-trifluoromethylphenyl)-1 -iodopropane and sodium acetylide 
by conducting the reactions similar to those mentioned in Reference example 29. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.46-7.37 (m, 4H), 2.81 (t, 2H, J = 7.3 Hz), 2.22 (dt, 2H, J = 7.3 Hz, 2.9 Hz), 
2.01 (t, 1 H, J = 2.9 Hz), 1 .90-1 .83 (m, 2H). 
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(Reference example 33) 
5-CyclohexylpenM -yne 

[0592] The title compound was synthesized using 3-cyclohexyl-1 -iodopropane and sodium acetylide by conducting 
the reactions similar to those mentioned in Reference example 29. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 2.16 (dt, 2H, J = 7.2 Hz, 2.8, Hz), 1 .94 (t, 1H, J = 2.8 Hz), 1 .59-1 .48 (m, 2H), 

1 .38-0.75 (m, 13H). 

Mass spectrum (El) m/z : 150(M + ). 

(Reference example 34) 

4-Cyclohexyloxybut-1 -yne 

[0593] To a solution of cyclohexanone (32 ml, 0.31 mol) in dry dichloromethane (950 ml) were added successively 
1 ,3-propanediol (33.5ml, 0.46 mol), triethyl orthoformate (51 .5 ml, 0.31 mol) and zirconium chloride (1 .44 g, 6.1 8 mmol) 
with stirring, and the resulting mixture was stirred at room temperature under a nitrogen atmosphere for 1 hour. After 
stirring, ice-chilled 1 N aqueous sodium hydroxide solution (1 .5 1 ) was added to the reaction mixture with stirring, and 
the resulting mixture was extracted with dichloromethane. The extract was washed with water and dried over anhydrous 
sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by reduced-pressure 
distillation to afford cyclohexanone trimethylene ketal (26.8 g, yield: 55%). 

[0594] Subsequently, to a suspension of zirconium chloride (24.9 g, 0.11 mol) in tetrahydrofuran (500 ml) was added 
slowly sodium borohydride (20.5 g, 0.54 mol) in portions with stirring under a nitrogen atmosphere, and the resulting 
mixture was stirred at room temperature for 20 minutes. After stirring, to the reaction mixture was added dropwise a 
solution of cyclohexanone trimethylene ketal (16.9 g, 0.11 mol) obtained above in tetrahydrofuran (1 70 ml) with stirring 
while ice-cooling under a nitrogen atmosphere, and then the resulting mixture was stirred at room temperature for one 
day. After stirring, to the reaction mixture was added ice-chilled 2N hydrochloric acid (600 ml) with stirring under ice- 
cooling to quench the reaction, and then the tetrahydrofuran was evaporated in vacuo. The aqueous layer which re- 
mained was extracted with ethyl acetate, and the extract was washed with saturated aqueous sodium chloride solution 
and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was 
purified by chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (10:1 - 5:2) as 
the eluent to afford 3-cyclohexyloxypropan-1-ol (13.4 g, yield: 78 %). 

[0595] Subsequently, to a solution of 3-cyclohexyloxypropan-1-ol (11.5 g, 72.9 mmol) obtained above in dichlo- 
romethane (240 ml) were added successively molecular sieves 4A (58 g) and pyridinium dichromate (23.8 g, 0.1 1 mol) 
with stirring under ice-cooling, and the resulting mixture was stirred at the same temperature under a nitrogen atmos- 
phere for 1 hour and 40 minutes. After stirring, ether was added to the reaction mixture, and the resulting mixture was 
filtered using celite, which was washed with ether. The filtrate and the washings were combined and evaporated in 
vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and 
ethyl acetate (20:1 - 1 0:1 ) as the eluent to afford the crude 3-cyclohexyloxypropionaldehyde (8.60 g). 
[0596] Subsequently, to a solution of carbon tetrabromide (36.5 g, 0.1 1 mol) in dichloromethane (1 20 ml) was added 
a solution of triphenylphosphine (57.7 g, 0.22 mo!) in dichloromethane (120 ml) with stirring while ice-cooling under a 
nitrogen atmosphere, and the resulting mixture was stirred for 5 minutes. After stirring, to the reaction mixture was 
added a solution of the crude 3-cyclohexyloxypropionaldehyde (8.60 g) obtained above in dichloromethane (90 ml) 
with stirring while ice-cooling under a nitrogen atmosphere, and the resulting mixture was stirred at the same temper- 
ature for 25 minutes. After stirring, the reaction mixture was diluted with dichloromethane and washed successively 
with saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium chloride solution and dried 
over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (100:1 - 33:1) as the eluent 
to afford 4-cyclohexyloxy-1,1-dibromobut-1-ene (12.6 g, overall yield in two steps: 55 %). 

[0597] Furthermore, to a solution of 4-cyc!ohexyloxy-1 ,1-dibromobuM-ene (12.6 g, 40.4 mmol) obtained above in 
tetrahydrofuran (130 ml) was added a 1 .5M solution of n-butyllithium in hexane (54 ml, 81 .0 mmol) at -78°C with stirring 
under a nitrogen atmosphere, and the resulting mixture was stirred at -78°C for 1 hour. After stirring, the reaction 
temperature was raised slowly to room temperature with stirring, and the reaction mixture was stirred furthermore at 
room temperature for 50 minutes. After stirring, water was added to the reaction mixture with stirring under ice-cooling 
to quench the reaction, and then the resulting mixture was extracted with ether. The extract was washed with saturated 
aqueous sodium chloride solution and dried over anhydrous sodium sulfate. After filtration, the solvent was removed 
in vacuo, and the residue was purified by chromatography on a silica gel column using a mixed solvent of hexane and 
ethyl acetate (100:1 - 50:1) as the eluent to afford the title compound (4.35 g, yield: 71 %). 
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1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 3.59 (t, 2H, J = 7.2 Hz), 3.32-3.23 (m, 1H), 2.45 (dt, 2H, J = 7.2 Hz, 2.8 Hz), 
1 .97 (t, 1 H, J = 2.8 Hz), 1 .95-1 .85 (m, 2H), 1 .81 -1 .67 (m, 2H), 1 .58-1 .48 (m, 1 H), 1 .36-1 .13 (m ( 5H). 
Mass spectrum (El) m/z : 153((M+H) + ). 

(Reference example 35) 

4-(4-Fluorophenyloxy)but-1 -yne 

[0598] To a solution of 4-fluorophenol (5.00 g, 44.6 mmol), 3-butyn-1 -ol (3.38 ml, 44.6 mmol) and triphenylphosphine 
(17.5 g, 66.9 mmol) in tetrahydrofuran (100 ml) was added diethyl azodicarboxylate (11.7 g, 66.9 mmol) with stirring 
under ice-cooling, and then the resulting mixture was stirred at room temperature for 1 8 hours. After stirring, the reaction 
mixture was evaporated in vacuo, and to the residue were added hexane (200 ml) and ethyl acetate (20 ml). The 
precipitate separated out was filtered off, and the filtrate was evaporated in vacuo. The residue obtained was purified 
by flash chromatography on a silica gel column using hexane as the eluent to afford the title compound. 
1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.02-6.94 (m, 2H), 6.90-6.82 (m, 2H), 4.07 (t, 2H, J = 7.0 Hz), 2.70-2.63 (m, 
2H),2.05 (t, 1H, J = 2.7 Hz). 
Mass spectrum (El) m/z : 164(M + ). 

(Reference example 36) 

4-Phenyloxybut-1-yne 

[0599] The title compound was synthesized using phenol and 3-butyn-1 -ol by conducting a reaction similar to that 
mentioned in Reference example 35. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.29 (dd, 2H, J = 8.8 Hz, 7.3 Hz), 6.96 (t, 1 H, J = 7.3 Hz), 6.92 (d, 2H, J = 8.8 
Hz), 4.11 (t, 2H, J = 6.6 Hz), 2.68 (dt, 2H, J = 6.6 Hz, 2.2 Hz), 2.04 (t, 1H, J = 2.2 Hz). 

(Reference example 37) 

3-(3,4-Dimethylphenyloxy)-1-propyne 

[0600] The title compound was synthesized using 3,4-dimethylphenol and propargyl alcohol by conducting a reaction 
similar to that mentioned in Reference example 35. 

i H-NMR spectrum (CDCI 3 , 400MHz) 6 : 7.04 (d, 1 H , J = 8.0 Hz), 6.78 (d, 1 H, J = 2.4 Hz), 6.72 (dd, 1 H, J = 8.0 Hz, 2.4 
Hz), 4.65 (d, 2H, J = 2.4 Hz), 2.49 (t, 1 H, J = 2.4 Hz), 2.24 (s, 3H), 2.20 (s, 3H). 
Mass spectrum (El) m/z : 160(M + ). 

(Reference example 38) 

3-(4-Methylphenyloxy)-1 -propyne 

[0601] The title compound was synthesized using 4-methylphenol and propargyl alcohol by conducting a reaction 
similar to that mentioned in Reference example 35. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.10 (d, 2H, J = 8.4 Hz) , 6.88 (d, 2H, J = 8.4 Hz), 4.67 (d, 2H, J = 2.4 Hz), 
2.50 (t, 1H, J = 2.4 Hz), 2.29 (s, 3H). 
Mass spectrum (El) m/z : 146(M + ). 

(Reference example 39) 

3-(4-Methylthiophenyloxy)-1 -propyne 

[0602] The title compound was synthesized using 4-methylthiophenol and propargyl alcohol by conducting a reaction 
similar to that mentioned in Reference example 35. 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.27 (d, 2H, J = 8.9 Hz), 6.93 (d, 2H, J = 8.9 Hz), 4.68 (d, 2H, J = 2.4 Hz), 2.52 
(t, 1H, J = 2.4 Hz), 2.45 (s, 3H). 
Mass spectrum (El) m/z : 178(M + ). 
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(Reference example 40) 

2-[4-(Cyclohexylmethoxy)phenyl]-4 l 4,5 I 5-tetramethyl-[1 l 3 l 2]-dioxaboroIane 

5 [0603] To a solution of 4-bromophenol (6.0 g, 34.7 mmol), cyclohexylmethylphenol (4.3 ml, 34.7 mmol) and triphe- 
nylphosphine (9.1 g, 34.7 mmol) in tetrahydrofuran (100 ml) was added slowly a 40% solution of diethyl azodicarbox- 
ylate in toluene (15.1 ml, 34.7 mmol) in portions at 0°C with stirring, and then the resulting mixture was stirred at room 
temperature for 3 hours. After stirring, the reaction mixture was evaporated in vacuo, and hexane was added to the 
residue. After filtration, the filtrate was evaporated in vacuo once again, and the residue was purified by chromatography 

10 on a silica gel column using a mixed solvent of ethyl acetate and hexane (1:20) as the eluent to afford 1-bromo- 
4-(cyclohexylmethoxy)benzene (5.1 g, yield: 54%). 

[0604] Subsequently, 1-bromo-4-(cyclohexylmethoxy)benzene (3.0 g, 11.1 mmol) obtained above, bis(pinacolato) 
diborane (3.4 g, 13.3 mmol), palladium chloride-diphenylphosphinoferrocene complex (450 mg, 0.551 mmol) and po- 
tassium acetate (2.2 g, 22.2 mmol) were dissolved in dimethyl sulfoxide (50 ml) and stirred at 80°C for 30 minutes. 
15 After stirring, the reaction mixture was diluted with ethyl acetate, and charcoal was added to the resulting mixture. The 
resulting mixture was stirred at room temperature for 30 minutes. After filtration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a silica gel column using a mixed solvent of ethyl acetate and 
hexane (1 :100) as the eluent to afford the title compound (1 .72 g, yield: 49 %). 

1 H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.73 (d, 2H, J = 8.5 Hz), 6.88 (d, 2H, J = 8.5 Hz), 3.77 (d, 2H, J = 5.9 Hz), 
20 1.93-1.64 (m, 5H), 1.33 (s, 12H), 1.33-1.14 (m, 4H), 1 .12-0.97 (m, 2H). 

(Reference example 41) 

2- [3^[2-Cyclohexylethoxy)phenyl]-4,4,5,5-tetramethyl-[1 ,3,2]-dioxaborolane 

25 

[0605] To a solution of 3-bromophenol (15.0 g, 86.7 mmol), 2-cyclohexylethylphenol (1 2.0 ml, 86.7 mmol) and triphe- 
nylphosphine (23.0 g, 86.7 mmol) in tetrahydrofuran (200 ml) was added slowly a 40% solution of diethyl azodicarbo- 
xylate in toluene (38.0 ml, 86.7 mmol) in portions at 0°C with stirring, and then the resulting mixture was stirred at room 
temperature for 7 hours. After stirring, the reaction mixture was evaporated in vacuo, and hexane was added to the 
30 residue. Afterfiltration, the filtrate was evaporated in vacuo once again, and the residue was purified by chromatography 
on a silica gel column using a mixed solvent of ethyl acetate and hexane (1:100) as the eluent to afford 1-bromo- 

3- (2-cyclohexylethoxy)benzene (23.0 g, yield: 94%). 

[0606] Subsequently, 1-bromo-3-(2-cyclohexylethoxy)benzene (5.0 g, 17.7 mmol) obtained above, bis(pinacolato) 
diborane (5.4 g, 21 .2 mmol), palladium chloride-diphenylphosphinoferrocene complex (1 .40 g, 1 .77 mmol) and potas- 

35 sium acetate (3.5 g, 35.4 mmol) were dissolved in dimethyl sulfoxide (80 ml) and stirred at 80°C for 30 minutes. After 
stirring, the reaction mixture was diluted with ethyl acetate, and charcoal was added to the resulting mixture, and then 
the resulting mixture was stirred at room temperature for 30 minutes, Afterfiltration, the solvent was removed in vacuo, 
and the residue was purified by chromatography on a silica gel column using a mixed solvent of ethyl acetate and 
hexane (1 :100) as the eluent to afford the title compound (4.70 g, yield: 80 %). 

40 1H-NMR spectrum (CDCI 3 , 400MHz) 5 : 7.38-7.24 (m, 3H), 7.00 (dd, 1 H, J = 8. 1 , 2. 9 Hz), 4. 02 (t, 2H, J = 6. 6 Hz), 
1.81-1.63 (m, 8H), 1.34 (s, 12H) ,1.31-1.12 (m, 3H), 1 .06-0.88 (m, 2H). 

(Reference example 42) 

45 4-Phenyloxybutanoyl chloride 

(42a) 4-Phenyloxybutanoic acid 

[0607] To a suspension of sodium hydride (content: 60%) (2.41 g, 60.3 mmol) in N,N-dimethylformamide (60 ml) was 
so added a solution of phenol (5.70 g, 60.0 mmol) in N,N-dimethylformamide (30 ml) over a 20-minute interval with stirring 
while ice-cooling under a nitrogen atmosphere, and then the resulting mixture was stirred at room temperature for 1 .5 
hours. After stirring, to the reaction mixture was added a solution of y-butyrolactone (5.01 g, 58.2 mmol) in N,N-dimeth- 
ylformamide (30 ml), and the resulting mixture was stirred at 130°C for 6 hours. After cooling, the reaction mixture was 
evaporated in vacuo. 

55 [0608] Subsequently, water was added to the residue, and the resulting mixture was partitioned with dichloromethane 
to separate the aqueous layer. The dichloromethane layer was washed with water. The washings and the aqueous 
layer separated above were combined, and acidified with 1 N hydrochloric acid (72 ml), and then extracted with ethyl 
acetate. The extract was washed successively with water and saturated aqueous sodium chloride solution and dried 
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over anhydrous magnesium sulfate. After filtration, the solvent was removed in vacuo, and the residue was purified by 
chromatography on a silica gel column using a mixed solvent of hexane and ethyl acetate (5:1 - 2:1) as the eluent to 
afford the title compound (3.58 g, yield: 34 %). 

1 H-NMR spectrum (CDCI 3> 400MHz) 5 : 7.30-7.27 (m, 2H). 6.96-6.87 (m, 3H), 4.03 (t, 2H, J = 5.9 Hz), 2.60 (t, 2H, J = 
7.3 Hz), 2.16-2.09 (m, 2H). 

(42b) 4-Phenyloxybutanoyl chloride 

[0609] To a solution of 4-phenyloxybutanoic acid (0.5066 g, 2.81 mmol) obtained in Reference example (42a) in 
benzene (5 ml) were added successively thionyl chloride (0.42 ml, 5.76 mmol) and N.N-dimethylformamide (2jjJ), and 
the resulting mixture was stirred at 80°C for 1 hour. After cooling, the reaction mixture was evaporated in vacuo to 
afford the title compound (0.5556 g, yield: 99%). 

(Test example 1 ) 

Determination of Inhibitory Activities of Compounds against Host versus Graft Reaction in Rats 
[0610] 

(1) Two strains of rats [Lewis rats (male, 6 weeks of age, Charles River Japan Inc.) and WKAH/Hkm rats (male, 
7 weeks of age, Japan SLC Inc.) were used. Five rats/group were used. 

(2) Induction of HvGR 

Spleen cells were isolated from the spleens of WKAH/Hkm and Lewis rats and floated in RPMI1640 medium 
(Life Technologies Inc.) at a concentration of 1 x 10 8 cells/ml. 0.1 ml of the medium containing the free-floating 
spleen cells of WKAH/Hkm rats or Lewis rats (1 x 1 0 7 of the spleen cells) was then intracutaneously injected into 
the bilateral foot-pads of hindlimbs of Lewis rats. 

(3) Administration of the Compounds 

Compounds were suspended in 0.5% tragacanth solution. The suspended compounds were orally adminis- 
tered to rats in the drug-treated group (Lewis rats injected with spleen cells of WKAH/Hkm rats and treated with 
the compound) at a volume of 5 ml/kg once daily for 4 successive days starting on the day of spleen cell injection. 
The tragacanth solution (0.5%) was orally administered, instead of the compound-suspended solution, to rats in 
the "same strain group" (Lewis rats injected with spleen cells of Lewis rats) and the control group (Lewis rats 
injected with spleen cells of WKAH/Hkm rats and not treated with the compound). 

(4) Determination of Inhibitory Activities of Compounds against HvGR 

Average weight of the popliteal lymph nodes of the same strain rats was subtracted from individual weights 
of the popliteal lymph nodes of individual rats ("HvGR-induced changes in weight of the popliteal lymph nodes"). 
The inhibitory activities of compounds were calculated from the "HvGR-induced changes in weights of the popliteal 
lymph nodes" of individual rats in the drug-treated group versus the average "HvGR-induced changes in weights 
of the popliteal lymph nodes" in the control group. The inhibitory activities of compounds were expressed as ID 50 
values (mg/kg) as calculated by least squares method based on the doses of compounds administered and inhib- 
itory activities at these doses. 

[0611] From the present experiments, compounds of the present invention exhibited excellent inhibitory activities. 



Table 9 



Compound 


HvGR IDgo values (mg/kg) 


Example 2 


0.714 


Example 3 


0.116 


Example 9 


0.120 


Example 10 


0.276 


Example 15 


0.304 


Example 1 9 


0.097 


Example 20 


0.082 
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Table 9 (continued) 



Compound 


HvGR ID 50 values (mg/kg) 


Example 33 


0.013 



(Test example 2) 

Determination of Inhibitory Activities of Compounds against Adjuvant-induced Arthritis 
[0612] 

(1) Preparation of Adjuvant 

Adjuvant was prepared by suspension of killed Mycobacterium butyricum in mineral oil at a concentration of 
2 mg/ml, followed by application of ultrasonic waves. 

(2) Preparation of Test Compound 

Test compounds were suspended or dissolved in 0.5% tragacanth solution. 

(3) Induction of Adjuvant Arthritis 

0.05 ml of adjuvant solution prepared as described in (1 ) was intracutaneously injected into the right foot-pad 
of rats (usually Lewis rats). Five rats/group were usually used. Adjuvant was not injected in one group of rats 
(normal group). 

(4) Administration of Compound 

Compounds prepared as described in (2) were orally administered to rats at a volume of 5 ml/kg once daily 
for 21 successive days. 0.5% tragacanth solution was similarly administered to rats in one group injected adjuvant 
(control group) and a group not injected adjuvant. 

(5) Calculation of Inhibitory Activities of Compounds against Adjuvant Arthritis 

One day after the final drug administration, the foot volume of each rat was measured by an apparatus for 
determination of the volume. The average value in normal rats was subtracted from the individual values in the 
drug-treated and control groups. The difference was expressed as the swelling volume. fnhibit<$y rate of the com- 
pound was calculated from the ratio of the individual swelling volume of the rat treated with the compound to the 
average swelling volume in the control group. 

[0613] Inhibitory activities of compounds were expressed as ID 50 values (mg/kg) calculated by least squares method 
based on the doses of the compound and their inhibitory ratios. 

[0614] From the present experiments, compounds of the present invention exhibited excellent inhibitory activities. 



Table 10 



Compound 


ID 50 values (mg/kg) 


Example 2 


0.0899 


Example 3 


0.0774 


Example 19 


0.108 


Example 20 


0.102 


Example 33 


0.0941 



(Test example 3) 

Determination of Inhibitory Activities of Compounds against HvGR (Host versus Graft Reaction) in Rats 
[0615] 

(1) Two strains of rats (Lewis rats (male, 6 weeks of age, Charles River Japan Inc.) and WKAH/Hkm rats (male, 
7 weeks of age, Japan SLC Inc.) were used. Five rats/group were used. 
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(2) Induction of HvGR 

Spleen cells were Isolated from the spleens of WKAH/Hkm rats or Lewis rats and floated in RPMI1 640 medium 
(Life Technologies Inc.) at a concentration of 1 x 10 8 cells/ml. 0.1 ml of the medium containing the free-floating 
spleen cells of WKAH/Hkm rats or 0.1 ml of the medium containing the free-floating spleen cells of Lewis rats were 
5 intracutaneously injected into the bilateral foot-pads of hindlimbs of Lewis rats. 

(3) Administration of Compounds 

Cyclosporin A, tacrolimus and Exemplification compound number 1-1093 having formula (la-3) {2-amino- 
2-methyl-4-{5-[5-phenylpentanoyl]thiophen-2-yl}butan-1-ol} maleate (hereinafter expressed as Compound A) 
10 were suspended in 0.5% tragacanth solution at concentrations of 0.08 mg/5 ml, 0.08 mg/5 ml, and 0.008 mg/5 ml. 

Cyclosporin A suspended solution and the compound suspended solution were orally co-administered to rats 
in the cyclosporin A plus compound group, while tacrolimus suspended solution plus compound suspended solution 
were orally co-administered to rats in the tacrolimus plus compound group, at a volume of 5 ml/kg once daily for 
4 successive days. 

15 Furthermore, Cyclosporin A suspended solution and 0.5% tragacanth solution, tacrolimus and 0.5% tragacanth 

solution, or compound A and 0.5% tragacanth solution were orally co-administered at a volume of 5 ml/kg once 
daily for 4 successive days, in the cyclosporin A, tacrolimus, or compound A administered groups, respectively. 

In both the "same strain group" (Lewis rats treated with spleen cells of Lewis rats but not with the compounds) 
and "control group" (Lewis rats treated with the spleen cells of WKAH/Hkm rats but not with the compounds), 0.5% 

20 tragacanth solution was orally administered. 

(4) Determination Methods of Inhibitory Activity of Compounds against HvGR 

The average weight of the popliteal lymph nodes in the same strain group was subtracted from individual 
weights of the popliteal lymph nodes in individual rats ("HvGR-induced changes in the popliteal lymph node 
25 weights"). The inhibitory activities of the compounds were calculated from the "HvGR-induced changes in the 

popliteal lymph node weights" of individual rats in drug-treated group versus the average "HvGR-induced changes 
in the popliteal lymph node weights" in the control group. 



30 Table 11 



Group 


HvGR Inhibitory Rate (%) 


Cyclosporin A administered group 


18.7 


Tacrolimus administered group 


25.8 


Compound A administered group 


16.0 


Cyclosporin A + Compound A administered group 


36.1 


Tacrolimus + Compound A administered group 


44.8 



(Test example 4) 

Determination of Inhibitory Activities of Compounds against Mice GvHD (Graft versus Host Disease) 
[0616] 

(1) Two strains of mice [BDF1 mice (male, 6 weeks of age, Charles River Japan Inc.) and C57BL/6 mice (male, 7 
weeks of age, Charles River Japan Inc.)] were used. Five mice/group (hosts) were used. 

(2) Induction of GvHD 

Spleen cells were isolated from the spleens of C57BL/6 mice or BDF1 mice and floated in RPMI1640 medium 
(Life Technologies Inc.) at a concentration of 2 x 10 7 cells/ml. 0.5 ml of the medium containing the free-floating 
spleen cells of C57BL/6 mice) was intravenously injected into the tail vein of BDF1 mice (GvHD induction group) 
and the same volume of the medium containing free-floating spleen cells of BDF1 mice was intravenously injected 
into the tail vein of BDF1 mice (the "same strain group"). 

(3) Administration of Compounds 

Cyclosporin A, tacrolimus, and Exemplification compound number 1-1093 having formula (la-2) {2-amino- 
2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl] butan-1-ol} hydrochloride (hereinafter expressed as Com- 
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pound B) was suspended in 0.5% methylcellulose (MC) solution at concentrations of 0.1 mg/10 ml, 0.2 mg/10 ml, 
and 0.01 mg/10 ml. 

Cyclosporin A suspended solution and compound B suspended solution were orally co-administered to mice 
in the cyclosporin A plus compound B group, while tacrolimus suspended solution and compound B suspended 
solution were orally co-administered to mice in the tacrolimus plus compound B group, at a volume of 10 ml/kg 
once daily for 10 successive days. 

Cyclosporin A suspended solution plus 0.5% MC solution, tacrolimus plus 0.5% MC solution, and compound 
B plus 0.5% MC solution were orally co-administered at a volume of 10 ml/kg once daily for 10 successive days 
starting on the day of injection of spleen cells in the cyclosporin A, tacrolimus, and compound B administered 
groups, respectively. 

In both the "same strain group" (BDF1 mice treated with spleen cells of BDF1 mice but not treated with the 
compound) and "control group" (BDF1 mice injected spleen cells of C57BL/6 mice, but not treated with the com- 
pound), 0.5% MC solution was orally administered. 

(4) Determination Methods of Inhibitory Activities of Compounds against GvHD 

Body weight was determined and spleens were weighed, and "spleen weight compensated for the body weight 
following injection of GvHD" was calculated by dividing the spleen weight by the body weight. Average "spleen 
weight compensated for body weight following injection of GvHD" was subtracted from the individual "spleen weight 
compensated for body weight following injection of GvHD". The inhibitory activities of compounds were calculated 
from the ratios of individual "spleen weight compensated for body weight following injection of GvHD" to the average 
"spleen weight compensated for body weight following injection of GvHD" in the control group. 



Table 12 



Group 


GvHD Inhibitory Rate (%) 


Cyclosporin A administered group 


12.5 


Tacrolimus administered group 


7.6 


Compound B administered group 


-2.9 


Cyclosporin A + Compound B administered group 


28.4 


Tacrolimus + Compound B administered group 


13.4 



(Test example 5) 

Determination of Inhibitory Activities of Compounds against Skin Transplantation of Mice 
[0617] 

(1 ) Two strains of mice [C57BL/6N mice (female, 5 weeks of age, Charles River Japan Inc.) and BALB/cAnN mice 
(female, 5 weeks of age, Charles River Japan Inc.)] were used. Ten mice/group (transplanted individuals) were 
used. 

(2) Skin Transplantation Procedures 

C57BL/6N mice were sacrificed by cervical dislocation and their skins removed. The skins were cut to 8-mm 
diameter sizes by biopsy punch (MK706, 8 mm, Kai Industries Co., Ltd.). Next, 8mm diameter sections of the back 
skins of BALB/cAnN mice anaesthetized with Avertin were removed by biopsy punch. The skin was cut along the 
edge of the damaged area by fine ophthalmic scissors. The previously cut skins of C57BL76N mice were trans- 
planted to the removed areas of the skin in BALB/cAnN mice. The transplanted areas were fixed with Aron Alpha 
(Sankyo Co. , Ltd.) . Sofratulle [1 0.8 mg of fradiomycin was contained in one piece (1 0 cm x 1 0 cm), Aventis Pharma 
Ltd.] and sterilized gauze were applied to the transplanted area of the skin, which was bound with a sterilized 
bandage (S size, Sumitomo 3M Co., Ltd.) of which both edges were fixed with SILKYTEX (Type 1 , ALCARE Co., 
Ltd.). 

(3) Administration of Compounds 

Cyclosporin A, tacrolimus and Exemplification compound number 1-1093 having formula (la-2) {2-amino- 
2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl] butan-1-ol} hydrochloride (hereinafter expressed as Com- 
pound B) was suspended in 0.5% methylcellulose (MC) solution at concentrations of 30 mg/10 ml, 3 mg/10 ml, 
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and 0.1 mg/10 ml. 

Cyclosporin A suspended solution and compound B suspended solution were orally co-administered to mice 
in the cyclosporin A and compound B group, while tacrolimus suspended solution and compound B suspended 
solution were orally co-administered to mice in the tacrolimus and compound B group, at a volume of 10 ml/kg 
once daily for 14 successive days starting on the day of transplantation. 

(4) Determination Methods of Inhibitory Activities of Compounds against Rejection Responses to Transplanted 
Skin 

On the 6th day after transplantation (the day of transplantation was defined as day 0), the Coban, SYLKYTEX, 
sterilized gauze, and Sofratulle were gently removed paying attention not to damage the skin by a pair of scissors. 
From the next day to 20 days after transplantation, it was determined whether rejection responses occurred in the 
transplanted skin. This determination was carried out blind, and the median day when the rejection response 
occurred was calculated. 



Table 13 



Group 


Median Day of Rejection Response (Days) 


0.5% MC administered group 


10.0 


Cyclosporin A administered group 


12.0 


Tacrolimus administered group 


11.0 


Compound B administered group 


15.0 


Cyclosporin A + Compound B administered group 


17.5 


Tacrolimus + Compound B administered group 


16.5 



(Formulation example 1) 
[0618] 



Tablets 


Cyclosporin A 


50.0 mg 


Compound A 


10.0 mg 


Lactose 


113.0 mg 


Corn starch 


25.0 mg 


Magnesium stearate 


2.0 mg 




200 mg 



[0619] Powders of the ingredients listed above are mixed and tableted with a tableting machine to prepare tablets 
containing 200 mg of the above ingredients/tablet. 

[0620] Compound A in the above formulation is 2-amino-2-methyl-4-[5-[5-phenylpentanoyl] thiophen-2-yl]butan-1 -ol 
maleate. 

[Industrial applicability] 

[0621] The compounds and the pharmaceutical compositions of the present invention exerted potent immunosup- 
pressive activity and showed low toxicity. Since the pharmaceutical compositions of the present invention potentiated 
the pharmacological action of each immunosuppressant contained in the pharmaceutical composition and reduced 
adverse events elicited by the individual immunosuppressants, the pharmaceutical compositions of the present inven- 
tion are useful as pharmaceutical agents. Thus the pharmaceutical compositions of the present invention are useful 
as preventive or therapeutic agents for warm-blooded animals (particularly humans) for the following autoimmune 
diseases or other immunology-related diseases such as rejection caused by transplantation of various organs or skin, 
systemic lupus erythematosus, rheumatoid arthritis, polymyositis, fibrositis, skeletal muscle inflammation, arthrosteitis, 
osteoarthritis, denmatomyositis, scleoderma, Behcet's syndrome, Crohn's disease, ulcerative colitis, autoimmune hep- 
atitis, aplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, multiple sclerosis, au- 
toimmune bullosis, psoriasis vulgaris, vasculitis syndrome, Wegener's granuloma, uveitis, Sjogren's syndrome, idio- 
pathic interstitial pneumonia, Goodpasture's syndrome, sarcoidosis, allergic granulomatous angitis, bronchial asthma, 
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myocarditis, cardiomyopathy, aortitis syndrome, post myocardial infarction syndrome, primary pulmonary hypertension, 
minimal change nephrotic syndrome, membranous nephropathy, membranoproiiferative glomerulonephritis, focal 
glomerular sclerosis, crescentic glomerulonephritis, myasthenia gravis, inflammatory neuropathy, atopic dermatitis, 
chronic actinic dermatitis, photosensitivity, pressure sores, Sydenham's chorea, sclerosis, adult-onset type diabetes 
mellitus, insulin dependent diabetes mellitus, juvenile diabetes mellitus, atherosclerosis, glomerular nephritis, IgA ne- 
phropathy, tubulointerstitial nephritis, primary biliary cirrhosis, primary sclerosing cholangitis, fulminant hepatitis, viral 
hepatitis, GVHD, contact dermatitis, and sepsis. 

[0622] Furthermore, the pharmaceutical compositions of the present invention are useful for diseases of infection 
by fungus, mycoplasma, virus, and protozoon and the like; cardiovascular diseases such as cardiac failure, cardiac 
hypertrophy, arrhythmia, angina pectoris, cardiac ischemia, arterial embolism, aneurysm, varix, and circulation disor- 
ders; brain diseases such as Alzheimer's disease, dementia, Parkinson's disease, stroke, brain infarction, brain 
ischemia, depression, manic-depressive illness, schizophrenia, Huntington's chorea, epilepsy, convulsion, attention 
deficit disorder, encephalitis, cerebral meningitis, loss of appetite, and hyperphagia; and various diseases such as 
lymphoma, leukemia, diuresis, pollakisuria, and diabetic retinopathy. Particularly, the pharmaceutical compositions of 
the present invention are useful as preventive ortherapeutic agents for autoimmune diseases such as rejection caused 
by transplantation of various organs or skin, systemic lupus erythematosus, rhematoid arthritis, multiple sclerosis, and 
atopic dermatitis. 



Claims 

1 . A compound of general formula (I): 



R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 

R 3 represents a hydrogen atom, a lower alkyl group, or a protecting group of the hydroxyl group; 
R 4 represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents an oxygen atom or a group of formula =N-D (wherein D represents a hydrogen atom, a C 6 -C 10 
aryl group, a lower alkylsulfonyl group, a C 6 -C 10 arylsulfonyl group, or a group selected from Substituent group (a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula: -E-CH 2 - (wherein 
E represents a carbonyl group or a group of formula: -CH(OH)-), a C 6 -C 10 arylene group, or a C 6 -C 10 arylene 
group substituted with from 1 to 3 substituents selected from Substituent group (a); 

Z represents a single bond, a C^-C-jo alkylene group, a C^C AQ alkylene group substituted with from 1 to 3 
substituents selected from Substituent group (a) and Substituent group (b), a C r C 10 alkylene group which has an 
oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, or a C-j-Cjq alkylene group 
substituted with from 1 to 3 substituents selected from the group consisting of Substituent group (a) and Substituent 
group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 5- to 7-membered hete- 
rocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen 
atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the 
group consisting of Substituent group (a) and Substituent group (b), a Cg-C^Q aryl group substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur 
atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 sub- 
stituents selected from Substituent group (a) and Substituent group (b); 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substit- 
uent group (a); 




NR 1 R 2 



(I) 



[wherein 
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Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, a lower alkylthio group, a carboxyl group, a lower alkoxycarbonyl group, 
a hydroxyl group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-lower alkylami- 
no group, a lower aliphatic acylamino group, a cyano group, and a nitro group; and 

Substituent group (b) represents the group consisting of a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 
5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a 
sulfur atom, an oxygen atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substit- 
uents selected from Substituent group (a), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected 
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group 
is substituted with from 1 to 3 substituents selected from Substituent group (a); 

provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C,-C 10 alkylene group, 
a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent 
group (a) and Substituent group (b), a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said 
carbon chain or at the end of said carbon chain, or a C,-C 10 alkylene group substituted with from 1 to 3 substituents 
selected from the group consisting of Substituent group (a) and Substituent group (b) which has an oxygen atom 
or a sulfur atom in said carbon chain or at the end of said carbon chain], 
a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 

A compound according to claim 1 wherein said compound of formula (I) has the formula (la), a pharmacologically 
acceptable salt thereof, or a pharmacologically acceptable ester thereof: 



R 6 R 7 




A compound according to claim 1 wherein said compound of formula (I) has the formula (lb), a pharmacologically 
acceptable salt thereof, or a pharmacologically acceptable ester thereof : 



R 6 Y-Z-R 5 




A pharmacologically acceptable ester of the compound of formula (I) according to claim 1 wherein said compound 
of formula (I) has the formula (II): 



R 10 O— P-O 



OR 




R 6 R 7 



-Z-R 5 



NR 1 R 2 



[wherein, R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of 
phosphoric acid] 

or a pharmacologically acceptable salt thereof. 
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A pharmacologically acceptable ester of the compound of formula (II) according to claim 4 wherein said ester of 
formula (II) has the formula (Ila): 



O 

R 10 O-P-O 



I 

OR 



11 



R 6 R 7 

Y-J 

r4 (ch&JL V-y-z-r 5 

NR 1 R 2 



(Ha) 



or a phamnacologically acceptable salt thereof. 

A pharmacologically acceptable ester of the compound of formula (II) according to claim 4 wherein said ester of 
formula (II) has the formula (lib): 



O 

R 10 O— P-O 



I 

OR 



11 



R 6 Y-Z-R 5 




•(CH 2 )n-(>R' 



(lib) 



NR R 



1 D 2 



[wherein, R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of 
phosphoric acid] 

or a pharmacologically acceptable salt thereof. 
A compound of general formula (III): 



O 

R 10 O-P 
I 



OR 




R 6 R 7 



1 D 2 



(III) 



NR R 



[wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alky! group, or a protecting 
group of the amino group; 

R 4 represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents an oxygen atom or a group of formula: =N-D (wherein D represents a hydrogen atom, a C 6 -C 10 
aryl group, a lower alkylsulfonyl group, a C 6 -C 10 arylsulfonyl group, or a group selected from Substituent group (a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula: -E-CH 2 - (wherein 
E represents a carbonyl group or a group of formula: -CH(OH)-), a C 6 -C 10 arylene group, or a C 6 -C 10 arylene 
group substituted with from 1 to 3 substituents selected from Substituent group (a) ; 

Z represents a single bond, a C r C 10 alkylene group, a CyC A0 alkylene group substituted with from 1 to 3 
substituents selected from the group consisting of Substituent group (a) and Substituent group (b), a C^C^ 
alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, 
or a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substit- 
uent group (a) and Substituent group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the 
end of said carbon chain; 
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R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 5- to 7-membered hete- 
rocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen 
atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the 
group consisting of Substituent group (a) and Substituent group (b), a C 6 -C 10 aryl group substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur 
atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 sub- 
stituents selected from the group consisting of Substituent group (a) and Substituent group (b); 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substit- 
uent group (a); 

R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of phos- 
phoric acid; 

Substituent group (a) represents the group consisting of a halogen atom, a lower aikyl group, a halogeno 
lower alkyl group, a lower alkoxy group, a lower aikylthio group, a carboxyl group, a lower alkoxycarbonyl group, 
a hydroxyl group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-lower alkylami- 
no group, a lower aliphatic acylamino group, a cyano group, and a nitro group; and 

Substituent group (b) represents the group consisting of a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 
5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a 
sulfur atom, an oxygen atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substit- 
uents selected from Substituent group (a), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected 
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group 
is substituted with from 1 to 3 substituents selected from Substituent group (a); 

provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C^C^ alkylene group, 
a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent 
group (a) and Substituent group (b), a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said 
carbon chain or at the end of said carbon chain , or a C-|-C^q alkylene group substituted with from 1 to 3 substituents 
selected from the group consisting of Substituent group (a) and Substituent group (b) and has an oxygen atom or 
a sulfur atom in said carbon chain or at the end of said carbon chain], 
a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 

8. A compound according to claim 7 wherein said compound of formula (III) has the formula (Ilia), a pharmacologically 
acceptable salt thereof, or a pharmacologically acceptable ester thereof : 



9. A compound according to claim 7 wherein said compound of formula (III) has the formula (Illb), a pharmacologically 
acceptable salt thereof, or a pharmacologically acceptable ester thereof: 



R 6 R 7 




OR 



NR 1 R 2 



Y-Z-R 5 




OR 



NR*R 2 



(IIIb) 



1 0. A compound according to any one of claims 1 to 9 wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a lower aliphatic acyl group, a lower alkoxycarbonyl group, an aralkyloxycarbonyl group, or an 
aralkyloxycarbonyl group substituted with from 1 to 3 substituents selected from Substituent group (a), or a phar- 
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macologically acceptable salt thereof. 

1 1 . A compound according to any one of claims 1 to 9 wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a lower aliphatic acyl group, or a lower alkoxycarbonyl group, or a pharmacologically acceptable 
salt thereof. 

1 2. A compound according to any one of claims 1 to 9 wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a C r C 4 aliphatic acyl group, ora C,-C 4 alkoxycarbonyl group, or a pharmacologically acceptable 
salt thereof. 

1 3. A compound according to any one of claims 1 to 9 wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, a C r C 2 aliphatic acyl group, ora C r C 2 alkoxycarbonyl group, or a pharmacologically acceptable 
salt thereof. 

14. A compound according to any one of claims 1 to 9 wherein R 1 and R 2 are the same or different and each represents 
a hydrogen atom, an acetyl group, or a methoxycarbonyl group, or a pharmacologically acceptable salt thereof. 

15. A compound according to any one of claims 1 to 9 wherein each of R 1 and R 2 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof. 

16. A compound according to any one of claims 1 to 3 and 10 to 15 wherein R 3 represents a hydrogen atom, a lower 
alkyl group, 

a lower aliphatic acyl group, an aromatic acyl group, an aromatic acyl group substituted with from 1 to 3 substituents 
selected from Substituent group (a), or a silyl group, or a pharmacologically acceptable salt thereof. 

1 7. A compound according to any one of claims 1 to 3 and 1 0 to 1 5 wherein R 3 represents a hydrogen atom or a lower 
alkyl group, or a pharmacologically acceptable salt thereof. 

18. A compound according to any one of claims 1 to 3 and 1 0 to 1 5 wherein R 3 represents a hydrogen atom or a C r C 4 
alkyl group, or a pharmacologically acceptable salt thereof. 

19. A compound according to any one of claims 1 to 3 and 1 0 to 1 5 wherein R 3 represents a hydrogen atom, a methyl 
group, or an ethyl group, or a pharmacologically acceptable salt thereof. 

20. A compound according to any one of claims 1 to 3 and 10 to 15 wherein R 3 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof. 

21. A compound according to any one of claims 1 to 20 wherein R 4 represents a C r C 4 alkyl group, or a pharmaco- 
logically acceptable salt thereof. 

22. A compound according to any one of claims 1 to 20 wherein R 4 represents a C r C 2 alkyl group, or a pharmaco- 
logically acceptable salt thereof. 

23. A compound according to any one of claims 1 to 20 wherein R 4 represents a methyl group, or a pharmacologically 
acceptable salt thereof. 

24. A compound according to any one of claims 1 to 23 wherein n represents an integer 2 or 3, or a pharmacologically 
acceptable salt thereof. 

25. A compound according to any one of claims 1 to 23 wherein n represents an integer 2, or a pharmacologically 
acceptable salt thereof. 

26. A compound according to any one of claims 1 to 25 wherein X represents an oxygen atom, or a pharmacologically 
acceptable salt thereof. 

27. A compound according to any one of claims 1 to 25 wherein X represents a group of formula: =N-D (wherein D 
represents a hydrogen atom, a C r C 4 alkyl group, or a phenyl group), or a pharmacologically acceptable salt 
thereof. 
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28. A compound according to any one of claims 1 to 25 wherein X represents a group of formula: =N-CH 3l or a phar- 
macologically acceptable salt thereof. 

29. A compound according to any one of claims 1 to 28 wherein Y represents an ethylene group, an ethynylene group, 
a group of formula: -CO-CH 2 -, a group of formula: -CH(OH)-CH 2 -, a phenylene group, or a phenylene group sub- 
stituted with from 1 to 3 substituents selected from the group consisting of a halogen atom and a lower alkyl group, 
or a pharmacologically acceptable salt thereof. 

30. A compound according to any one of claims 1 to 28 wherein Y represents an ethylene group, an ethynylene group, 
a group of formula: -CO-CH 2 -, or a phenylene group, or a pharmacologically acceptable salt thereof. 

31. A compound according to any one of claims 1 to 30 wherein Z represents a C r C 10 alkylene group or a C^C^ 
alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent group 
(a) and Substituent group (b), or a pharmacologically acceptable salt thereof. 

32. A compound according to any one of claims 1 to 30 wherein Z represents a C r C 6 alkylene group or a C.,-C 6 
alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacologically acceptable salt thereof. 

33. A compound according to any one of claims 1 to 30 wherein Z represents a C r C 5 alkylene group or a C r C 5 
alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacologically acceptable salt thereof. 

34. A compound according to any one of claims 1 to 30 wherein Z represents an ethylene group, a trimethylene group, 
a tetramethylene group, or an ethylene, trimethylene, or tetramethylene group substituted with one hydroxyl group, 
or a pharmacologically acceptable salt thereof. 

35. A compound according to any one of claims 1 to 30 wherein Z represents an ethylene group, a trimethylene group, 
or a tetramethylene group, or a pharmacologically acceptable salt thereof. 

36. A compound according to any one of claims 1 to 30 wherein Z represents an ethylene group or a trimethylene 
group, or a pharmacologically acceptable salt thereof. 

37. A compound according to any one of claims 1 to 30 wherein Z represents a C|-C 10 alkylene group which has an 
oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain or a C r C 10 alkylene group 
substituted with one hydroxyl group which has an oxygen atom or a sulfur atom in said carbon chain or at the end 
of said carbon chain (said substituent is selected from the group consisting of a lower alkyl group and a hydroxyl 
group), or a pharmacologically acceptable salt thereof. 

38. A compound according to any one of claims 1 to 30 wherein Z represents a C r C 10 alkylene group which has an 
oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, or a pharmacologically 
acceptable salt thereof. 

39. A compound according to any one of claims 1 to 30 wherein Z represents a C^C^ alkylene group which has an 
oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, or a pharmacologically 
acceptable salt thereof. 

40. A compound according to any one of claims 1 to 30 wherein Z represents a C r C 6 alkylene group which has an 
oxygen atom in said carbon chain or at the end of said carbon chain , or a pharmacologically acceptable salt thereof . 

41 . A compound according to any one of claims 1 to 30 wherein Z represents a group of formula -0-CH 2 -, -0-(CH 2 ) 2 -, 
-0-(CH 2 ) 3 -, -CH 2 -0, -(CH 2 ) 2 -0-, or -(CH 2 ) 3 -0-, or a pharmacologically acceptable salt thereof. 

42. A compound according to any one of claims 1 to 30 wherein Z represents a group of formula -CH 2 -0- or -(CH 2 ) 2 - 
0-, or a pharmacologically acceptable salt thereof. 

43. A compound according to any one of claims 1 to 42 wherein R 5 represents a hydrogen atom, or a pharmacologically 
acceptable salt thereof. 

44. A compound according to any one of claims 1 to 42 wherein R 5 represents a C 3 -C 10 cycloalkyl group, a C 6 -C 10 
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aryl group, or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from the 
group consisting of a halogen atom, a lower alky! group, a halogeno lower alkyl group, a lower alkoxy group, and 
a lower alkylthio group, or a pharmacologically acceptable salt thereof. 

45. A compound according to any one of claims 1 to 42 wherein R 5 represents a C 3 -C 10 cycloalkyl group, a C 6 -C 10 
aryl group, or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected from the 
group consisting of a halogen atom, a lower alkyl group, a halogeno lower alkyl group, and a lower alkoxy group, 
or a pharmacologically acceptable salt thereof. 

46. A compound according to any one of claims 1 to 42 wherein R 5 represents a C 5 -C 6 cycloalkyl group, a phenyl 
group, or a naphthyl group, or a pharmacologically acceptable salt thereof. 

47. A compound according to any one of claims 1 to 42 wherein R 5 represents a cyclohexyl group or a phenyl group, 
or a pharmacologically acceptable salt thereof. 

48. A compou nd accordin g to any one of claims 1 to 47 wherein R 6 and R 7 are the same or different and each represents 
a hydrogen atom, a halogen atom, a lower alkyl group, a halogeno lower alkyl group, a lower alkoxy group, or a 
lower alkylthio group, or a pharmacologically acceptable salt thereof. 

49. A compound according to any one of claims 1 to 47 wherein each of R 6 and R 7 represents a hydrogen atom, or a 
pharmacologically acceptable salt thereof. 

50. A compound according to any one of claims 4 to 15 and 21 to 49 wherein R 10 and R 11 are the same or different 
and each represents a hydrogen atom or a lower alkyl group, or a pharmacologically acceptable salt thereof. 

51. A compound according to any one of claims 4 to 15 and 21 to 49 wherein R 10 and R 11 are the same or different 
and each represents a hydrogen atom or a C r C 4 alkyl group, or a pharmacologically acceptable salt thereof. 

52. A compound according to any one of claims 4 to 15 and 21 to 49 wherein R 10 and R 11 are the same or different 
and each represents a hydrogen atom, a methyl group, or an ethyl group, or a pharmacologically acceptable salt 
thereof. 

53. A compound according to any one of claims 4 to 15 and 21 to 49 wherein each of R 10 and R 11 represents a 
hydrogen atom, or a pharmacologically acceptable salt thereof. 

54. A compound according to claim 1 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(4-cyclohexyloxybuM-ynyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]butan-1-ol, and 

2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]furan-2-yl}butan-1-ol. 

55. A compound according to claim 1 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 

2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 

2-amino-2-methyl-4-{1 -methyl-5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 

2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol, 

2-amino-2-methyl-4-f1-methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[1-ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[1-ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]butan-1-ol l 
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2-amino-2-methyl-4-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1 -ol, and 

2- amino-2-methyl-4-[1-ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]butan-1-ol. 

56. A compound according to claim 4 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]-1 -butyl phosphate, and 

mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy) prop-1-ynyl]furan-2-yl}-1 -butyl phosphate. 

57. A compound according to claim 4 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

mono 2-amino-2-methyl-4-[1 ~methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybuM -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-(1 -methyl-5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-cyclohexylpentanoyl)-pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5«(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4- [1-ethyl-5- (4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, and 

mono 2-amino-2-methyl-4-[1 -ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate. 

58. A compound according to claim 7 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

3- amino-3-methyl-5-[5-(5-phenylpentyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpent-1-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpentanoyl)furan-2-yl]pentylphosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]furan-2-yl}pentylphosphonic acid. 

59. A compound according to claim 7 wherein said compound is selected from the following compounds or a pharma- 
cologically acceptable salt thereof: 

3-amino-3-methyl-5-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{1-methyl-5-[3-(4-methylphenoxy)prop-1-ynyl]pyrrol-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl)pentylphosphonic acid, 
3-amino-3-methyl-5-{1-methyl-5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]pyrrol-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, and 
3-amino-3-methyl-5-[1-ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid. 

60. A pharmaceutical composition containing at least one immunosuppressant selected from the group consisting of 
an agent having the action of inhibiting intracellular signal transduction involved in cytokine expression of T-cells, 
an agent having the action of inhibiting nucleoside synthesis in immune cells, 
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an agent having the action of inhibiting the action of cytokines on immune cells and having antirheumatic action, 
an alkylating agent causing cell death by breakdown of DNA chains or blocking DNA synthesis, 
a metabolic antagonist inhibiting the metabolism of nucleic acids by blocking folic acid production, 
a protein drug having the suppression action Of TNF-a, 

a steroid hormone agent that binds to intracellular steroid receptors to form a complex which binds to reaction 
sites on chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity, and 
a substance suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drug antagonizing the 
action of prostaglandin, and 

at least one compound selected from the group consisting of compounds of the general formula (I): 




R 6 R 7 
(CH 2 ) n ^"i. Y -2-R5 

NR'R 2 X 



(I) 



[wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 

R 3 represents a hydrogen atom, a lower alkyl group, or a protecting group of the hydroxyl group; 
R 4 represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents a sulfur atom, an oxygen atom, or a group of formula =N-D (wherein D represents a hydrogen 
atom, an aryl group, a lower alkylsulfonyl group, an arylsulfonyl group, or a group selected from Substituent group 

(a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula -E-CH 2 - (wherein 
E represents a carbonyl group or a group of formula -CH(OH)-), a C 6 -C 10 arylene group, or a C 6 -C 10 arylene group 
substituted with from 1 to 3 substituents selected from Substituent group (a); 

2 represents a single bond, a C r C 10 alkylene group, a C r C 10 alkylene group substituted with from 1 to 3 
substituents selected from the group consisting of Substituent group (a) and Substituent group (b), a C r C 10 
alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain, 
or a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substit- 
uent group (a) and Substituent group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the 
end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 5- to 7-membered hete- 
rocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen 
atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the 
group consisting of Substituent group (a) and Substituent group (b), a C 6 -C 10 aryl group substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur 
atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 sub- 
stituents selected from the group consisting of Substituent group (a) and Substituent group (b); 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substit- 
uent group (a); 

Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, a lower alkylthio group, a carboxyl group, a lower alkoxycarbonyl group, 
a hydroxyl group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-lower alkylami- 
no group, a lower aliphatic acylamino group, a cyano group, and a nitro group; and 

Substituent group (b) represents the group consisting of a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 
5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a 
sulfur atom, an oxygen atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substit- 
uents selected from Substituent group (a), a C 6 -C 10 aryl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected 
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group 
is substituted with from 1 to 3 substituents selected from Substituent group (a); 

provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C^C^ alkylene group, 
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a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent 
group (a) and Substituent group (b), a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said 
carbon chain or at the end of said carbon chain, or a C r C 10 alkylene group substituted with from 1 to 3 substituents 
selected from the group consisting of Substituent group (a) and Substituent group (b) which has an oxygen atom 
or a sulfur atom in said carbon chain or at the end of said carbon chain], 
a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 

61 . A pharmaceutical composition according to claim 60 wherein said compound of general formula (I) has the general 
formula (la) shown below: 




R 6 .R 7 



(CH 2 ) n — ^ ) Y-Z-R 5 (la) 

NR 1 R 2 X 



62. A pharmaceutical composition according to claim 60 wherein said compound of general formula (I) has the general 
formula (lb) shown below: 



R 3 0 



(CH 2 ) n 



NR 1 R 2 




Y — Z — R 



(lb) 



63. A pharmaceutical composition according to claim 60 wherein the pharmacologically acceptable ester of the com- 
pound of formula (I) has the formula (II): 




OR 



R 6 R 7 

r4 (CH^^Y-Z-R* 



(II) 



NR 1 R 2 



[wherein, R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of 
phosphoric acid] 

or a pharmacologically acceptable salt thereof. 

64. A pharmaceutical composition according to claim 63 wherein the ester of the compound of formula (II) has the 
formula (Ha) : 
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or a pharmacologically acceptable salt thereof. 

65. A pharmaceutical composition according to claim 63 wherein the ester of the compound of formula (II) has the 
formula (Mb) : 




or a pharmacologically acceptable salt thereof. 

66. A pharmaceutical composition containing at least one immunosuppressant selected from the group consisting of 
an agent having the action of inhibiting intracellular signal transduction involved in cytokine expression of T-cells, 
an agent having the action of inhibiting nucleoside synthesis in immune cells, 

an agent having the action of inhibiting the action of cytokines on immune cells and having antirheumatic action, 
an alkylating agent causing cell death by breakdown of DNA chains or blocking DNA synthesis, 
a metabolic antagonist inhibiting the metabolism of nucleic acids by blocking folic acid production, 
a protein drug having the suppression action Of TNF-a, 

a steroid hormone agent that binds to intracellular steroid receptors to form a complex which binds to reaction 
sites on chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity, and 
a substance suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drug antagonizing the 
action of prostaglandin, and 

at least one compound selected from the group consisting of compounds of the general formula (III) shown below: 



R 6 R 7 



R 10 O-P 




r 4 /A~4 
(CH 2 ) n -j7- ~y^' 

X 

NR 1 R 2 



-2-R s 



(III) 



[wherein, 

R 1 and R 2 are the same or different and each represents a hydrogen atom, a lower alkyl group, or a protecting 
group of the amino group; 

R 4 represents a lower alkyl group; 
n represents an integer of from 1 to 6; 

X represents a sulfur atom, an oxygen atom or a group of formula =N-D (wherein D represents a hydrogen 
atom, a C 6 -C 10 aryl group, a lower alkylsulfonyl group, a C 6 -C 10 arylsulfonyl group, or a group selected from 
Substituent group (a)); 

Y represents an ethylene group, a vinylene group, an ethynylene group, a group of formula -E-CH 2 - (wherein 
E represents a carbonyl group or a group of formula -CH(OH)-), a C 6 -C 10 arylene group, or a C 6 -C 10 arylene group 
substituted with from 1 to 3 substituents selected from Substituent group (a); 

2 represents a single bond, a C r C 10 alkylene group, a C r C 10 alkylene group substituted with from 1 to 3 
substituents selected from the group consisting of Substituent group (a) and Substituent group (b), a C r C 10 
alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said carbon chain , 
or a C^-Cjo alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substit- 
uent group (a) and Substituent group (b) which has an oxygen atom or a sulfur atom in said carbon chain or at the 
end of said carbon chain; 

R 5 represents a hydrogen atom, a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 5- to 7-membered hete- 
rocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur atom, an oxygen 
atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substituents selected from the 
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group consisting of Substituent group (a) and Substituent group (b), a C 6 -C 10 aryl group substituted with from 1 
to 3 substituents selected from the group consisting of Substituent group (a) and Substituent group (b), or a 5- to 
7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a sulfur 
atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group is substituted with from 1 to 3 sub- 
stituents selected from the group consisting of Substituent group (a) and Substituent group (b); 

R 6 and R 7 are the same or different and each represents a hydrogen atom or a group selected from Substit- 
uent group (a); 

R 10 and R 11 are the same or different and each represents a hydrogen atom or a protecting group of phos- 
phoric acid; 

Substituent group (a) represents the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, a lower alkylthio group, a carboxyl group, a lower alkoxycarbonyl group, 
a hydroxyl group, a lower aliphatic acyl group, an amino group, a mono-lower alkylamino group, a di-lower alkylami- 
no group, a lower aliphatic acylamino group, a cyano group, and a nitro group; and 

Substituent group (b) represents the group consisting of a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, a 
5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected from the group consisting of a 
sulfur atom, an oxygen atom, and a nitrogen atom, a C 3 -C 10 cycloalkyl group substituted with from 1 to 3 substit- 
uents selected from Substituent group (a), a Q 6 -C 10 aryl group substituted with from 1 to 3 substituents selected 
from Substituent group (a), and a 5- to 7-membered heterocyclic group containing from 1 to 3 heteroatoms selected 
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom in which said heterocyclic group 
is substituted with from 1 to 3 substituents selected from Substituent group (a); 

provided that when R 5 represents a hydrogen atom, then Z represents a branched chain C-j-C^ alkylene group, 
a C.,-C 10 alkylene group substituted with from 1 to 3 substituents selected from the group consisting of Substituent 
group (a) and Substituent group (b), a C^-C 10 alkylene group which has an oxygen atom or a sulfur atom in said 
carbon chain or at the end of said carbon chain, or a C,-C 10 alkylene group substituted with from 1 to 3 substituents 
selected from the group consisting of Substituent group (a) and Substituent group (b) which has an oxygen atom 
or a sulfur atom in said carbon chain or at the end of said carbon chain], 
a pharmacologically acceptable salt thereof, or a pharmacologically acceptable ester thereof. 

67. A pharmaceutical composition according to claim 66 wherein the compound of formula (III) has the formula (Ilia): 




(CH 2 ) ( 



R 6 R 7 

.-O-v-z-i 



NRR 



1 D 2 



(IHa) 



68. A pharmaceutical composition according to claim 66 wherein the compound of formula (III) has the formula (Illb): 



R 6 Y-Z-R 5 




(CH 2 ), 



(Illb) 



NR 1 R 2 



69. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein R 1 and R 2 
are the same or different and each represents a hydrogen atom, a lower aliphatic acyl group, a lower alkoxycarbonyl 
group, an aralkyloxycarbonyl group, or an aralkyloxycarbonyl group substituted with from 1 to 3 substituents se- 
lected from Substituent group (a) , or a pharmacologically acceptable salt thereof. 



70. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein R 1 and R 2 
are the same or different and each represents a hydrogen atom, a lower aliphatic acyl group, or a lower alkoxy- 
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carbonyl group, or a pharmacologically acceptable salt thereof. 

71. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein R 1 and R 2 
are the same or different and each represents a hydrogen atom, a C r C 4 aliphatic acyl group, or a C r C 4 alkoxy- 
carbonyl group, or a pharmacologically acceptable salt thereof. 

72. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein R 1 and R 2 
are the same or different and each represents a hydrogen atom, a CyC 2 aliphatic acyl group, or a C 1 -C 2 alkoxy- 
carbonyl group, or a pharmacologically acceptable salt thereof. 

73. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein R 1 and R 2 
are the same or different and each represents a hydrogen atom, an acetyl group, or a methoxycarbonyl group, or 
a pharmacologically acceptable salt thereof. 

74. A pharmaceutical composition according to any one of claims 60 to 68 containing a compound wherein each of 
R 1 and R 2 represents a hydrogen atom, or a pharmacologically acceptable salt thereof. 

75. A pharmaceutical composition according to any one of claims 60 to 62 and 69 to 74 containing a compound wherein 
R 3 represents a hydrogen atom, a lower alkyl group, a lower aliphatic acyl group, an aromatic acyl group, an 
aromatic acyl group substituted with from 1 to 3 substituents selected from Substituent group (a), or a silyl group, 
or a pharmacologically acceptable salt thereof. 

76. A pharmaceutical composition according to any one of claims 60 to 62 and 69 to 74 containing a compound wherein 
R 3 represents a hydrogen atom or a lower alkyl group, or a pharmacologically acceptable salt thereof. 

77. A pharmaceutical composition according to any one of claims 60 to 62 and 69 to 74 containing a compound wherein 
R 3 represents a hydrogen atom or a C r C 4 alkyl group, or a pharmacologically acceptable salt thereof. 

78. A pharmaceutical composition according to any one of claims 60 to 62 and 69 to 74 containing a compound wherein 
R 3 represents a hydrogen atom, a methyl group, or an ethyl group, or a pharmacologically acceptable salt thereof. 

79. A pharmaceutical composition according to any one of claims 60 to 62 and 69 to 74 containing a compound wherein 
R 3 represents a hydrogen atom, or a pharmacologically acceptable salt thereof. 

80. A pharmaceutical composition according to any one of claims 60 to 79 containing a compound wherein R 4 repre- 
sents a C r C 4 alkyl group, or a pharmacologically acceptable salt thereof. 

81. A pharmaceutical composition according to any one of claims 60 to 79 containing a compound wherein R 4 repre- 
sents a C r C 2 alkyl group, or a pharmacologically acceptable salt thereof, 

82. A pharmaceutical composition according to any one of claims 60 to 79 containing a compound wherein R 4 repre- 
sents a methyl group, or a pharmacologically acceptable salt thereof. 

83. A pharmaceutical composition according to any one of claims 60 to 82 containing a compound wherein n represents 
an integer 2 or 3, or a pharmacologically acceptable salt thereof. 

84. A pharmaceutical composition according to any one of claims 60 to 82 containing a compound wherein n represents 
an integer 2, or a pharmacologically acceptable salt thereof. 

85. A pharmaceutical composition according to any one of claims 60 to 84 containing a compound wherein X represents 
a sulfur atom, or a pharmacologically acceptable salt thereof. 

86. A pharmaceutical composition according to any one of claims 60 to 84 containing a compound wherein X represents 
an oxygen atom, or a pharmacologically acceptable salt thereof. 

87. A pharmaceutical composition according to any one of claims 60 to 84 containing a compound wherein X represents 
a group of formula =N-D (wherein D represents a hydrogen atom, a C r C 4 alkyl group, or a phenyl group), or a 
pharmacologically acceptable salt thereof. 
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88. A pharmaceutical composition according to any one of claims 60 to 84 containing a compound wherein X represents 
a group of formula =N-CH 3> or a pharmacologically acceptable salt thereof. 

89. A pharmaceutical composition according to any one of claims 60 to 88 containing a compound wherein Y represents 
an ethylene group, an ethynylene group, a group of formula -CO-CH 2 - t a group of formula -CH(OH)-CH 2 -, a phe- 
nylene group, or a phenylene group substituted with from 1 to 3 substituents selected from the group consisting 
of a halogen atom and a lower alkyl group, or a pharmacologically acceptable salt thereof. 

90. A pharmaceutical composition according to any one of claims 60 to 88 containing a compound wherein Y represents 
an ethylene group, an ethynylene group, a group of formula -CO-CH 2 -, or a phenylene group, or a pharmacolog- 
ically acceptable salt thereof. 

91 . A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C V C W alkylene group or a C r C 10 alkylene group substituted with from 1 to 3 substituents selected from the 
group consisting of Substituent group (a) and Substituent group (b), or a pharmacologically acceptable salt thereof. 

92. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C r C 6 alkylene group or a CyC 6 alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacolog- 
ically acceptable salt thereof. 

93. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C,-C 5 alkylene group or a C^Cg alkylene group substituted with from 1 to 3 hydroxyl groups, or a pharmacolog- 
ically acceptable salt thereof. 

94. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
an ethylene group, a trimethylene group, a tetramethylene group, or an ethylene, trimethylene, or tetramethylene 
group substituted with one hydroxyl group, or a pharmacologically acceptable salt thereof. 

95. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
an ethylene group, a trimethylene group, or a tetramethylene group, or a pharmacologically acceptable salt thereof. 

96. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
an ethylene group or a trimethylene group, or a pharmacologically acceptable salt thereof. 

97. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said 
carbon chain or a C r C 10 alkylene group substituted with one hydroxyl group which has an oxygen atom or a sulfur 
atom in said carbon chain or at the end of said carbon chain (said substituent is selected from the group consisting 
of lower alkyl groups and hydroxyl groups), or a pharmacologically acceptable salt thereof. 

98. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C r C 10 alkylene group which has an oxygen atom or a sulfur atom in said carbon chain or at the end of said 
carbon chain, or a pharmacologically acceptable salt thereof. 

99. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C,-C 10 alkylene group which has an oxygen atom in said carbon chain or at the end of said carbon chain, or a 
pharmacologically acceptable salt thereof. 

1 00. A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a C r C 6 alkylene group which has an oxygen atom in said carbon chain or at the end of said carbon chain, or a 
pharmacologically acceptable salt thereof. 

1 01 .A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a group of formula -0-CH 2 -, -0-(CH 2 ) 2 -, -0-(CH 2 ) 3 -, -CH 2 -0-, -(CH 2 ) 2 -0-, or -(CH 2 ) 3 -0-, or a pharmacologically 
acceptable salt thereof. 



1 02.A pharmaceutical composition according to any one of claims 60 to 90 containing a compound wherein Z represents 
a group of formula -CH 2 -0- or -(CH 2 ) 2 -0-, or a pharmacologically acceptable salt thereof. 
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103. A pharmaceutical composition according to any one of claims 60 to 102 containing a compound wherein R 5 rep- 
resents a hydrogen atom, or a pharmacologically acceptable salt thereof. 

104. A pharmaceutical composition according to any one of claims 60 to 1 02 containing a compound wherein R 5 rep- 
resents a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted 
with from 1 to 3 substituents selected from the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, and a lower alkylthio group, or a pharmacologically acceptable salt thereof. 

105. A pharmaceutical composition according to any one of claims 60 to 1 02 containing a compound wherein R 5 rep- 
resents a C 3 -C 10 cycloalkyl group, a C 6 -C 10 aryl group, or a C 3 -C 10 cycloalkyl or C 6 -C 10 aryl group substituted 
with from 1 to 3 substituents selected from the group consisting of a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, and a lower alkoxy group, or a pharmacologically acceptable salt thereof. 

106. A pharmaceutical composition according to any one of claims 60 to 102 containing a compound wherein R 5 rep- 
resents a C 5 -C 6 cycloalkyl group, a phenyl group, or a naphthyl group, or a pharmacologically acceptable salt 
thereof. 

107. A pharmaceutical composition according to any one of claims 60 to 102 containing a compound wherein R 5 rep- 
resents a cyclohexyl group or a phenyl group, or a pharmacologically acceptable salt thereof. 

108. A pharmaceutical composition according to any one of claims 60 to 107 containing a compound wherein R 6 and 
R 7 are the same or different and each represents a hydrogen atom, a halogen atom, a lower alkyl group, a halogeno 
lower alkyl group, a lower alkoxy group, or a lower alkylthio group, or a pharmacologically acceptable salt thereof. 

109. A pharmaceutical composition according to any one of claims 60 to 107 containing a compound wherein each of 
R 6 and R 7 represents a hydrogen atom, or a pharmacologically acceptable salt thereof. 

110. A pharmaceutical composition according to any one of claims 63 to 74 and 80 to 109 containing a compound 
wherein R 10 and R 11 are the same or different and each represents a hydrogen atom or a lower alkyl group, or a 
pharmacologically acceptable salt thereof. 

111. A pharmaceutical composition according to any one of claims 63 to 74 and 80 to 109 containing a compound 
wherein R 10 and R 11 are the same or different and each represents a hydrogen atom or a C r C 4 alkyl group, or a 
pharmacologically acceptable salt thereof. 

112. A pharmaceutical composition according to any one of claims 63 to 74 and 80 to 109 containing a compound 
wherein R 10 and R 11 are the same or different and each represents a hydrogen atom, a methyl group or an ethyl 
group, or a pharmacologically acceptable salt thereof. 

113. A pharmaceutical composition according to any one of claims 63 to 74 and 80 to 109 containing a compound 
wherein each of R 10 and R 11 represents a hydrogen atom, or a pharmacologically acceptable salt thereof. 

114. A pharmaceutical composition according to claim 60, wherein the compound of general formula (I), or pharmaco- 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consist- 
ing of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically accept- 
able esters thereof; 

2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thiophen-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-phenylpentyl)thiophen-2-yl]butan-1-ol, 2-amino-2-methyl-4-[5-(4-cyclohexyloxy- 
butyl)thiophen-2-yl]butan-1 -ol, 

2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)butyl]thiophen-2-yl}butan-1-ol, 

2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy)butyl]thiophen-2-yl}butan-1-ol 

2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(4-cyclohexylbut-1-ynyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(4-phenylbuM-ynyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(4-cyclohexylpent-1-ynyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-phenylpenM-ynyl)thiophen-2-yl]butan-1-ol, 
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2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent-1-ynyl]thjophen-2-yl}butan-1-ol, 
2-amino-2-methyl-9-{5-[5-(4-metto 

2-amino-2-methyl-445-[3-(4-methylphenoxy)prop-1-ynyl]thiophen-2-y0 

2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy)prop^^ 

2-amino-2-methyl-4-{5-[3-(4-methylthiophenoxy)prop-1-ynyl]thiophen-2-y 

2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1 -ynyl)thiophen-2-y1 ]butan-1 -ol, 

2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)but-1-^^ 

2-amino-2-methyl-4-{5-[4-(4-methylphenoxy)but-1-ynyl]thiophen-2-yl}bu^ 

2-amino-2-methyl-4-[5-(3-cyclohexylmetho^ 

2-amino-2-methyl-4-[5-(4-benzyloxybut-1-ynyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl)thiophen-2-yl]butan-1-ol l 

2-amino-2-methyl-4-[5-(4-phenylbutanoyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]butan-1-ol ) 

2-amjno-2-methyl-4-[5-(5-phenylpentanoyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pentano 

2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-ethyl-4-[5-(5-cyclohexylpent-1-ynyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-ethy!-4-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]butan-1-ol, 

2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy^ 

2-amino-2-methyl-4-{5-[3-(3-methylph^^^ 

2-amino-2-methyl-4-{5-[3-(3,4-dimethy^ 

2-amino-2-methyl-4-{5-[3-(3-methoxyphenoxy^ 

2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphenoxy^ 

2-amino-2-methyl-4-{5-[3«(3,5-dimethoxyphenoxy)prop-1-ynyl]thiophen-2-y^ 

2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl)butan-1 -ol, and 

2-amino-2-methyl-4-{5-[3-(4-acetylpheno^ 

115. A pharmaceutical composition according to claim 60, wherein the compound of general formula (I), or pharmaco 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consist 
ing of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically accept 
able esters thereof: 

2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]butan-1-ol, 

2-amlno-2-methyl-4-[5-(5-phenylpent-1-ynyl)furan-2-yl]butan-1-ol f 

2-amino-2-methyl-4-[5-(4-cyclohexyloxybut-1-ynyl)furan-2-yl]butan-1-ol, 

2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]butan-1-ol, and 

2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]furan-2-yl}butan-1-ol. 

116. A pharmaceutical composition according to claim 60, wherein the compound of general formula (I), or pharmaco 
logically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group consist 
ing of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically accept 
able esters thereof: 

2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 
2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 
2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]butan-1 -ol, 
2-amino-2-methyl-4-{1 -methyl-5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}butan-1 -ol, 
2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1-methyl-5-(5-cyclhexylpentanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1-ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1-ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]butan-1-ol, 
2-amino-2-methyl-4-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]butan-1 -ol, and 
2-amino-2-methyl-4-(1-ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]butan-1-ol. 



117.A pharmaceutical composition according to claim 63, wherein the compound of general formula (II), or pharma 
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cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 
sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 



mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybutyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-(5-[4-(4-fluorophenoxy)butyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[4-(4-methoxyphenoxy)butyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-benzyloxybutyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexylbut-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-phenylbut-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pent-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-9-{5-[5-(4-methoxyphenyl)pent-1 -ynyi]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-methylphenoxy)prpp-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-ethylphenoxy)prop-1-ynyl]thtophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-methylthiophenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybuM -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[4-(4-fluorophenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[4-(4-methylphenoxy)but-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(3-cyclohexylmethoxy)prop-1 -ynyl]thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-benzyloxybut-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexylbutanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-phenylbutanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyi)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpentanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[5-(4-fluorophenyl)pentanoyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpent-1 -ynyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-ethyl-4-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(4-chlorophenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3-methylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3-methoxyphenoxyl)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3,4-dimethoxyphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3,5-dimethoxyphenoxyl)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{5-[3-(3-acetylphenoxy)prop-1-ynyl]thiophen-2-yl}-1 -butyl phosphate, and 

mono 2-amino-2-methyl-4-{5-[3-(4-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl}-1 -butyl phosphate. 

118.A pharmaceutical composition according to claim 63, wherein the compound of general formula (II), or pharma- 
cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 
sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 



mono 2-amino-2-methyl-4-[5-(5-phenylpentyl)furan-2-yl)-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpent-1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-phenylpent-1 -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(4-cyclohexyloxybuM -ynyl)furan-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[5-(5-cyclohexylpentanoyl)furan-2-yl]-1 -butyl phosphate, and 

mono 2-amino-2-methyi-4-{5-[3-(3,4-dimethylphenoxy)prop-1 -ynyljf uran-2-yl}-1 -butyl phosphate. 

119.A pharmaceutical composition according to claim 63, wherein the compound of general formula (II), or pharma- 
cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 
sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 
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mono 2-amino-2-methyl-4-[1 -methyl-5-(5-phenylpent-1 -ynyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{1 -methyl-5-[3-(4-methylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1-methyl-5-(4-cyclohexyloxybuM-ynyl) pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-{1 -methyl-5-[3-(3,4-dimethylphenoxy)prop-1 -ynyl]pyrrol-2-yl}-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-[1 -methyl-5-(5-phenylpentanoyi)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methy!-4-[1 -methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amino-2-methyl-4-[1 -ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-[1 -ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yI]-1 -butyl phosphate, 

mono 2-amlno-2-methyl-4-[1-ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate, and 

mono 2-amino-2-methyl-4-[1 -ethyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]-1 -butyl phosphate. 

120.A pharmaceutical composition according to claim 66, wherein the compound of general formula (III), or pharma- 
cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 
sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 

3-amino-3-methyl-5-[5-(4-cyclohexylbutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpentyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpentyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexyloxybutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[4-(4-fluorophenoxy)butyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[4-(4-methoxyphenoxy)butyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-benzyloxybutyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexylbut-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-phenylbut-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpenM-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpent-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[5-(4-fluorophenyl)pent-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[5-(4-methoxyphenyl)pent-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(4-methylphenoxy)prop-1-ynyl]thiophen-2-yl)pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(4-ethylphenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(4-methylthiophenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexyloxybut-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[4-(4-fluorophenoxy)but-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[4-(4-methylphenoxy)buM-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(3-cyclohexylmethoxy)prop-1-ynyl]thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-benzyloxybut-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexylbutanoyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(9-phenylbutanoyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpentanoyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[5-(4-fluorophenyl)pentanoyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-ethyl-5-[5-(5-cyclohexylpentyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-ethyl-5-[5-(5-cyclohexylpent-1-ynyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-ethyl-5-[5-(5-cyclohexylpentanoyl)thiophen-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(4-chlorophenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3-methylphenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3-methoxyphenoxyl)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3,4-dimethoxyphenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3,5-dimethoxyphenoxyl)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-{5-[3-(3-acetylphenoxy)prop-1 -ynyl]thiophen-2-yl}pentylphosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(4-acetylphenoxy)prop-1-ynyl]thiophen-2-yl}pentylphosphonic acid. 

121 .A pharmaceutical composition according to claim 66, wherein the compound of general formula (III), or pharma- 
cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 



EP 1 471 054 A1 



sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 

3-amino-3-methyl-5-[5-(5-phenylpentyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpent-1-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-phenylpent-1-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(4-cyclohexyloxybuM-ynyl)furan-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[5-(5-cyclohexylpentanoyl)furan-2-yl]penty!phosphonic acid, and 
3-amino-3-methyl-5-{5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]furan-2-yl}pentylphosphonic acid. 

122. A pharmaceutical composition according to claim 66, wherein the compound of general formula (III), or pharma- 
cologically acceptable salt thereof, or pharmacologically acceptable ester thereof is selected from the group con- 
sisting of the compounds described below, pharmacologically acceptable salts thereof, and pharmacologically 
acceptable esters thereof: 

3-amino-3-methyl-5-[1 -methyl-5-(5-phenylpenM -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-{1-methyl-5-[3-(4-methylphenoxy)prop-1-ynyl]pyrrol-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -methyl-5-(4-cyclohexyloxybut-1 -ynyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-(1-methyl-5-[3-(3,4-dimethylphenoxy)prop-1-ynyl]pyrrol-2-yl}pentylphosphonic acid, 
3-amino-3-methyl-5-[2-methyl-5*(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-methyl-5-(4-cyclohexylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-ethyl-5-(5-phenylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1-ethyl-5-(5-cyclohexylpentanoyl)pyrrol-2-yl]pentylphosphonic acid, 
3-amino-3-methyl-5-[1 -ethyl-5-(4-phenylbutanoyl)pyrrol-2-yl]pentylphosphonic acid, and 
3-amino-3-methyl-5-[1-ethyl-5-(4-cyclohexylbutanoyl)pyrrol"2-yl]pentylphosphonic acid. 

1 23. A pharmaceutical composition according to any one of claims 60 to 1 22 wherein said composition contains at least 
one immunosuppressant selected from the group consisting of agents having the action of inhibiting intracellular 
signal transduction involved in cytokine expression of T-cells (said agents are cyclosporin A, tacrolimus, rapamycin, 
gusperimus, everolimus, tresperimus, anisperimus, SDZ-281-240, ABT-281, tigderimus, A-1 19435, or 1 7-ethyl- 
1,14-dihydroxy-12-[2-[4-(2-phenylhydrazinocaroonyto^ 

13,19,21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricyclo[22.3. 1 .0 4 - 9 ]octacos-1 8-ene-2,3,1 0, 1 6-tetrone) , 

agents having the action of inhibiting nucleoside synthesis in immune cells (said agents are mizoribine, azathio- 

prine, mycophenolic acid, leflunomide, merimempodib, HMR-1279, TSK-204, or SP-1 00030), 

agents having the action of inhibiting the action of cytokines on immune cells and having antirheumatic action (said 

agents are T-614, actarit, salazosulfapyridine, or CDC-801), 

alkylating agents causing cell death by breakdown of DN A chains or blocking DN A synthesis (said alkylating agent 
is cyclophosphamide), 

metabolic antagonists inhibiting the metabolism of nucleic acids by blocking folic acid production (said metabolic 
antagonist is methotrexate), 

protein drugs having the suppression action of TNF-a (said protein drugs are remicade, enbrel, daclizumab, ba- 
siliximab, alemtuzumab, omalizumab, BMS-1 88667, CDP-571, inolimomab, ATM-027, or BTI-322), 
steroid hormone agents that bind to intracellular steroid receptors to form a complex which binds to reaction sites 
on chromosomes, resulting in the synthesis of proteins which show immunosuppressive activity (said steroid hor- 
mone agent is prednisolone), and 

substances suppressing prostaglandin production and/or nonsteroidal anti-inflammatory drugs antagonizing the 
action of prostaglandin (said nonsteroidal anti-inflammatory drugs are loxoprofen sodium, diclofenac sodium, mel- 
oxicam, celecoxib, or rofecoxib). 

1 24. A pharmaceutical composition according to any one of claims 60 to 1 22 wherein said composition contains at least 
one immunosuppressant selected from the group consisting of cyclosporin A, tacrolimus, rapamycin, leflunomide, 
methotrexate, remicade, and enbrel. 

125. A pharmaceutical composition comprising as an active ingredient a compound, a pharmacologically acceptable 
salt thereof or a pharmacologically acceptable ester thereof according to any one of claims 1 to 59. 
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126. A pharmaceutical composition according to claim 125 for the prevention or treatment of autoimmune diseases. 

127. A pharmaceutical composition according to claim 126 wherein said autoimmune disease is rheumatoid arthritis. 

128. A pharmaceutical composition according to claim 125 for suppression of rejection caused by transplantation of 
various organs. 

129. A method for the prevention or treatment of autoimmune diseases in a mammal which comprises administering 
to said mammal an effective amount of a pharmaceutical composition according to any one of claims 60 to 125. 

130. A method for the prevention or treatment of rheumatoid arthritis in a mammal which comprises administering to 
said mammal an effective amount of a pharmaceutical composition according to any one of claims 60 to 125. 

131 .A method for the prevention or treatment of rejection caused by transplantation of various organs in a mammal 
which comprises administering to said mammal an effective amount of a pharmaceutical composition according 
to any one of claims 60 to 1 25. 
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